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(54) Methods and apparatus for transporting substrate carriers 



(57) According to a first aspect, a first conveyor sys- 
tem is provided that is adapted to deliver substrate car- 
riers within a semiconductor device manufacturing facil- 
ity. The first conveyor system includes a ribbon that 
forms a closed loop along at least a portion of the sem- 
iconductor device manufacturing facility. The ribbon is 
adapted to (1 ) be flexible in a horizontal plane and rigid 
in a vertical plane; and (2) transport a plurality of sub- 
strate earners within at least a portion of the semicon- 
ductor device manufacturing facility. Numerous other 
aspects are provided, as are systems, methods and 
computer program products in accordance with these 
and other aspects. 
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Description 

[0001] The present application claims priority from U. 
S. Provisional Patent Application Serial No. 607443,087, 
filed January 27, 2003, which is hereby incorporated by s 
reference herein in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to 
semiconductor device fabrication systems, and is more 
particularly concerned with transportation of substrate 
carriers within a fabrication facility. 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0003] The present application is related to the follow- 
ing commonly-assigned, co-pending U.S. Patent Appli- 
cations, each of which is hereby incorporated by refer- 
ence herein in its entirety: 



U.S. Patent Application Serial No. 1 0/650,480, filed 
August 28, 2003 and titled "Substrate Carrier Han- 
dler That Unloads Substrate Carriers Directly From 
a Moving Conveyor" (Attorney Docket No. 7676); 

U.S. Provisional Application Serial No. 607443,153, 
filed January 27, 2003, and titled "Overhead Trans- 
fer Flange and Support for Suspending Wafer Car- 
rier" (Attorney Docket No. 8092/L); 



U.S. Provisional Application Serial No. 60/443,115, 
filed January 27, 2003, and titled "Apparatus and 
Method for Storing and Loading Wafer Carriers" (At- 
torney Docket No. 8202/L). 



U.S. Provisional Application Serial No. 60/443,001 , 
filed January 27, 2003, and titled "Systems and 
Methods for Transporting Wafer Carriers Between 
Processing Tools" (Attorney Docket No. 8201/L); 
is and 



U.S. Patent Application Serial No. 1 0/650,31 0, filed BACKGROUND OF THE INVENTION 
August 28, 2003 and titled "System For Transport- 
ing Substrate Carriers" (Attorney Docket No. 6900); [0004] Manufacturing of semiconductor devices typi- 

25 cally involves performing a sequence of procedures with 
U.S. Patent Application Serial No. 10/650,31 2, filed respect to a substrate such as a silicon substrate, a 
August 28, 2003 and titled "Method and Apparatus glass plate, etc. These steps may include polishing, 
for Using Substrate Carrier Movement to Actuate deposition, etching, photolithography, heat treatment, 
Substrate Carrier Door Opening/Closing" (Attorney and so forth. Usually a number of different processing 
Docket No. 6976); 30 steps may be performed in a single processing system 

or "tool" which includes a plurality of processing cham- 
U.S. Patent Application Serial No. 1 0/650,481 , filed bers. However, it is generally the case that other proc- 
August 28, 2003 and titled "Method and Apparatus esses are required to be performed at other processing 
for Unloading Substrate Carriers from Substrate locations within a fabrication facility, and it is accordingly 
Carrier Transport Systems" (Attorney Docket No. 35 necessary that substrates be transported within the fab- 
7024); rication facility from one processing location to another. 

Depending upon the type of semiconductor device to be 
U.S. Patent Application Serial No. 1 0/650,479, filed manufactured, there may be a relatively large number 
August 28, 2003 and titled "Method and Apparatus of processing steps required, to be performed at many 
for Supplying Substrates to a Processing Tool" (At- *o different processing locations within the fabrication fa- 
tomey Docket No. 7096); cility. 

[0005] It is conventional to transport substrates from 
U.S. Patent Application Serial No. 60/407,452, filed one processing location to another within substrate car- 
August 31, 2002 and titled "End Effector Having riers such as sealed pods, cassettes, containers and so 
Mechanism For Reorienting A Wafer Carrier Be- 45 forth. It is also conventional to employ automated sub- 
tween Vertical And Horizontal Orientations" (Attor- strate carrier transport devices, such as automatic guid- 
ney Docket No. 7097/L); ed vehicles, overhead transport systems, substrate car- 

rier handling robots, etc., to move substrate carriers 
U.S. Patent Application Serial No. 60/407,337, filed from location to location within the fabrication facility or 
August 31 , 2002, and titled "Wafer Loading Station so to transfer substrate carriers from or to a substrate car- 
with Docking Grippers at Docking Stations" (Attor- rier transport device. 

ney Docket No. 7099/L); [0006] For an individual substrate, the total fabrication 

process, from formation or receipt of the virgin substrate 
U.S. Patent Application Serial No. 1 0/650,31 1 , filed to cutting of semiconductor devices from the finished 
August 28, 2003 and titled "Substrate Carrier Door 55 substrate, may require an elapsed time that is measured 
having Door Latching and Substrate Clamping in weeks or months. In a typical fabrication facility, a 
Mechanism" (Attorney Docket No. 71 56); large number of substrates may accordingly be present 

at any given time as "work in progress" (WIP). The sub- 
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strates present in the fabrication facility as Wl P may rep- 
resent a large investment of working capital, which 
tends to increase the per substrate manufacturing cost. 
It would therefore be desirable to reduce the amount of 
WIP for a given substrate throughput for the fabrication s 
facility. To do so, the total elapsed time for processing 
each substrate should be reduced. 
[0007] Previously incorporated U.S. patent applica- 
tion serial no. 1 0/650,31 0, filed August 28, 2003, entitled 
"System for Transporting Semiconductor Substrate io 
Carriers 0 (Attorney Docket No. 6900), discloses a sub- 
strate carrier transport system that includes a conveyor 
for substrate carriers that is intended to be constantly in 
motion during operation of the fabrication facility which 
it serves. The constantly moving conveyor may facilitate is 
transportation of substrates within the fabrication facility 
so as to reduce the total "dwell" time of each substrate 
in the fabrication facility; thereby reducing WIP, and cut- 
ting capital and manufacturing costs. Improved designs 
and methods of operation for such conveyors would be 20 
desirable. 

SUMMARY OF THE INVENTION 

[0008] According to a first aspect of the invention, a 25 
first conveyor system is provided that is adapted to de- 
liver substrate carriers within a semiconductor device 
manufacturing facility. The first conveyor system in- 
cludes a ribbon that forms a closed loop along at least 
a portion of the semiconductor device manufacturing fa- 30 
cility. The ribbon is adapted to (1) be flexible in a hori- 
zontal plane and rigid in a vertical plane; and (2) trans- 
port a plurality of substrate carriers within at least a por- 
tion of the semiconductor device manufacturing facility. 
[0009] In a second aspect of the invention, a second 35 
conveyor system is provided that is similar to the first 
conveyor system. In addition to the features of the first 
conveyor system, in the second conveyor system, the 
ribbon is adapted to continuously rotate; and a plurality 
of supports are rigidly coupled to the ribbon. Each sup- 40 
port is adapted to support and transport a substrate car- 
rier within at least a portion of the semiconductor device 
manufacturing facility. The second conveyor system al- 
so includes (1 ) one or more driving wheels adapted to 
contact the ribbon and to rotate the ribbon; (2) one or 45 
more constraining wheels adapted to contact the ribbon 
and to reduce lateral motion of the ribbon as it rotates; 
and (3) one or more support wheels adapted to support 
the ribbon as the ribbon rotates. The one or more driving 
wheels, the one or more constraining wheels and the so 
one or more support wheels are each adapted to be 
changed while the ribbon is in motion. Numerous other 
aspects are provided, as are systems, methods and 
computer program products in accordance with these 
and other aspects of the invention. Each computer pro- ss 
gram product described herein may be carried by a me- 
dium readable by a computer (e.g., a carrier wave sig- 
nal, a floppy disc, a compact disc, a DVD, a hard drive, 



a random access memory, etc.). 
[001 0] The methods and apparatus of the present in- 
vention provide for an efficient and reliable arrangement 
for transporting substrate carriers within one or more 
semiconductor device manufacturing facilities. 
[001 1 ] Other features and aspects of the present in- 
vention will become more fully apparent from the follow- 
ing detailed description of exemplary embodiments, the 
appended claims and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

FIGS. 1 A and 1 B are exemplary perspective views 
of a portion of respective first and second exempla- 
ry ribbons of a conveyor configured in accordance 
with the present invention. 
FIG. 2 is a schematic view of a conveyor system 
comprising a ribbon in accordance with the present 
invention that forms a simple loop within a portion 
of a semiconductor device manufacturing facility. 
FIG. 3 is a schematic view of a conveyor system 
comprising a ribbon in accordance with the present 
invention that forms a serpentine loop in a portion 
of a semiconductor manufacturing facility. 
FIG. 4 is a schematic view of a conveyor system 
comprising ribbons in accordance with the present 
invention that form simple and serpentine loops in 
portions of a semiconductor device manufacturing 
facility. 

FIG. 5 is a perspective view of a third exemplary 
ribbon in accordance with the present invention. 
FIG. 6 is a close-up perspective view of the ribbon 
of FIG. 5. 

FIG. 7 is a top plan view of the ribbon of FIG. 5. 
FIG. 8 is a close-up top plan view of the ribbon of 
FIGS. 5 and 7. 

FIG. 9 is a perspective view of a fourth exemplary 
ribbon in accordance with the present invention 
comprising first and second ribbon sections cou- 
pled in parallel along their lengths. 
FIG. 1 0 is a perspective view of a portion of the in- 
ventive ribbon of FIG. 9, with a section removed to 
reveal adhesive strips running the length of the rib- 
bon. 

FIG. 11 is a top plan view of the inventive ribbon of 
FIG. 9. 

FIG. 12 is a perspective view of a fifth exemplary 
ribbon in accordance with the present invention 
having respective vertical and horizontal portions 
formed from separate pieces of material. 
FIG. 1 3A is a schematic side view of a portion of an 
exemplary support system that may be employed 
to house, support, drive and/or constrain a ribbon 
provided in accordance within the present inven- 
tion. 

FIG. 13B is a perspective view of an exemplary 
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straight portion of an inventive support system for 
housing, driving, constraining and/or supporting a 
portion of a ribbon provided in accordance with the 
present invention. 

FIG. 14 is a side view of the inventive support sys- 5 
tern of FIG. 13. 

FIGS. 15 and 16 are respective front and bottom 
plan views of an inventive driving wheel unit at- 
tached to a driving wheel unit support in accordance 
with the present invention. 
FIGS. 17 and 18 are respective rear and bottom 
plan views of a constraining wheel unit in accord- 
ance with the present invention in a "lock" orienta- 
tion. 

FIGS. 19 and 20 are respective rear and bottom 
plan views of a constraining wheel unit in accord- 
ance with the present invention in a load" orienta- 
tion. 

FIGS. 21 and 22 are perspective views of alterna- 
tive embodiments of constraining wheel units in ac- 
cordance with the present invention. 
FIG. 23 is a perspective view of a support wheel unit 
in accordance with the present invention. 
FIG. 24 is an exemplary embodiment of a sixth ex- 
emplary ribbon adapted to transport a plurality of 
substrate carriers. 

FIGS. 25A and 25B are a perspective view and a 
side view, respectively, of a seventh exemplary rib- 
bon provided in accordance with the present inven- 
tion. 

FIG. 26 is a perspective view of an eighth exemplary 
ribbon provided in accordance with the present in- 
vention. 

DETAILED DESCRIPTION 

[0013] In accordance with at least one aspect of the 
invention, an inventive conveyor system is provided for 
transporting substrate carriers between one or more 
processing tools of a semiconductor device manufac- 
turing facility. The inventive conveyor system may in- 
clude a ribbon of stainless steel or a similar material that 
forms a closed loop within at least a portion of the sem- 
iconductor device manufacturing facility and that trans- 
ports substrate carriers therein. By orienting the ribbon 
so that a thick portion of the ribbon resides within a ver- 
tical plane and a thin portion of the ribbon resides within 
a horizontal plane, the ribbon is flexible in the horizontal 
plane and rigid in the vertical plane. Such a configuration 
allows the inventive conveyor to be constructed and im- 
plemented inexpensively. For example, the ribbon re- 
quires little material to construct, is easy to fabricate 
and, due to its vertical rigidity/strength, can support the 
weight of numerous substrate carriers without supple- 
mental support structure (such as rollers or other similar 
mechanisms used in conventional, horizontally-oriented 
belt-type conveyor systems). Furthermore, the convey- 
or system is highly customizable because the ribbon 



may be bent, bowed or otherwise shaped into numerous 
configurations due to its lateral flexibility. 
[0014] in one or more embodiments of the invention, 
the ribbon of the conveyor system is rotated or "driven" 
using one or more driving wheels or another driving 
mechanism, and the ribbon is supported using one or 
more supporting wheels or another supporting mecha- 
nism. For example, the driving wheels may contact and 
drive the ribbon along a vertical portion of the ribbon, 
and the supporting wheels may contact and support the 
ribbon along a horizontal portion of the ribbon. In this 
manner, the driving mechanism for the ribbon is decou- 
pled from the supporting mechanism for the ribbon and 
each may be serviced independently, in one particular 
embodiment, each driving wheel and/or supporting 
wheel of the inventive conveyor system may be re- 
placed while the ribbon is in motion (e.g., allowing the 
ribbon to be continuously rotated as described further 
below). One or more constraining wheels or another 
constraining mechanism may be employed to laterally 
stabilize and/or otherwise reduce lateral motion of the 
ribbon during rotation. As with the driving wheels and 
supporting wheels, in at least one embodiment of the 
invention, each constraining wheel may be replaced 
while the ribbon is in motion. Numerous other embodi- 
ments andfor aspects of the invention are described be- 
low with reference to FIGS. 1A-23. 
[0015] As used herein, a ribbon refers to a structure 
at least a portion of which is generally flat (e.g., has a 
height and/or length that is significantly larger than its 
width). A ribbon may be formed from one or more ma- 
terials and/or one or more pieces. For example, FIGS. 
1 A and 1 B are exemplary perspective views of a portion 
of a first ribbon 1 01 a and a second ribbon 1 01 b, respec- 
tively, of a conveyor (not separately shown) configured 
in accordance with the present invention. As shown in 
FIG. 1 A, the first ribbon 1 01 a may be formed from a sin- 
gle piece of material, and/or may include both a ribbon- 
like, vertical portion 1 03a for supporting substrate car- 
riers and a horizontal portion 1 05a for supporting the first 
ribbon 101a (as described further below). The vertical 
portion 1 03a of the first ribbon 101a has a height H and 
length L that are significantly larger than the width W of 
the first ribbon 1 01 a. Likewise, as shown in FIG. 1 B, the 
second ribbon 1 01 b may be formed from more than one 
piece. For example, the second ribbon 1 01 b includes a 
first vertical portion 103b and a second vertical portion 
1 03b\ and a first horizontal portion 1 05b and a second 
horizontal portion 1 05b'. Although the cross-sectional 
shapes of the horizontal portions of ribbons 101a and 
1 01 b are shown as being flat and triangular, respective- 
ly, it will be understood that other shapes may be em- 
ployed for the horizontal portion or portions of a ribbon 
in accordance with the present invention. 

EXEMPLARY CONVEYOR SYSTEMS 

[0016] FIG. 2 is a schematic view of a first exemplary 
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conveyor system 106 comprising a ribbon 1 01c provid- 
ed in accordance with the present invention that forms 
a simple loop 107 within a portion of a semiconductor 
device manufacturing facility 1 09. The ribbon 1 01c may 
comprise, for example, any of the inventive ribbons de- 5 
scribed herein. The ribbon 101c transports substrate 
carriers (not shown) between processing tools 111 , and 
comprises straight portions 1 1 5 and curved portions 119 
to form the (closed) loop 1 07. 
[0017] FIG. 3 is a schematic view of a second exem- 
plary conveyor system 121 comprising a ribbon 101d 
provided in accordance with the present invention that 
forms a serpentine loop 123 in a portion 125 of a semi- 
conductor device manufacturing facility 1 27. The ribbon 
1 01 d transports substrate carriers (not shown) between 
substrate loading stations 135 of a plurality of process- 
ing tools, such as processing tools 139, 143, 147 and 
151. As shown in FIG. 3, ribbon 101 d comprises numer- 
ous straight portions 1 1 5 and curved portions 119 (all of 
which are not labeled in FIG. 3) to form the serpentine 
(closed) loop 123. The ribbon 101d may be similar to 
the ribbon 101c of FIG. 3. 

[0018] Each substrate loading station 135 may com- 
prise, for example, any suitable apparatus adapted to 
(1 ) receive a substrate earner from the conveyor system 
121 ; (2) unload a substrate from the substrate carrier; 
and/or (3) deliver the substrate to the processing tool 
coupled to the substrate loading station 135. One ex- 
emplary substrate loading station that may be employed 
is described in previously incorporated U.S. Patent Pro- 
visional Application Serial No. 60/407,337, filed August 
31 , 2002 (Docket No. 7099/L), although other substrate 
loading stations may be employed. Each substrate load- 
ing station 1 35 may be coupled to a processing tool and/ 
or comprise a load lock, factory interface or the like. 
[001 9] FIG. 4 is a schematic view of a third exemplary 
conveyor system 155 comprising ribbons 101e, 101f, 
101g, 101h and 101j provided in accordance with the 
present invention that form simple and serpentine 
closed loops in respective portions 159, 163, 167, 171 
and 1 75 of a semiconductor device manufacturing facil- 
ity 177. Ribbons 101e, 101f, 101g and 101h transport 
substrate carriers (not shown) between substrate load- 
ing stations 179 of processing tools 139. Ribbon 101j 
transports substrate carriers (not shown) between rib- 
bons 101e, 101f, 101g and 101h. At the respective in- 
terfaces between ribbon 101 j and ribbons 101e, 101f, 
101g and 101h, transfer mechanisms 183 are provided 
for transferring substrate carriers (not shown) from one 
ribbon to another and vice versa. Fewer or more transfer 
mechanisms than shown may be employed. Ribbons 
1 01 e, 1 01 f , 1 01 g, 1 01 h and 1 01 j all contain straight por- 
tions and curved portions and form closed loops, but on- 
ly ribbons 101e, 101f, 101g and 101h form serpentine 
loops. Other loop configurations may be employed. The 
ribbons 101e-j may comprise, for example, any of the 
inventive ribbons described herein. 



EXEMPLARY INVENTIVE RIBBONS 

[0020] FIG. 5 is a perspective view of a third exem- 
plary ribbon 101k provided in accordance with the 
present invention. Ribbon 101k (or at least the portion 
of ribbon 101k shown in FIG. 5) is formed from a con- 
tinuous (single) piece of material. A vertical portion 103k 
of ribbon 101k has a narrow width W compared to a 
height H and a length L of the vertical portion 103k. A 
horizontal portion 1 05k of ribbon 1 01 k is formed in part 
by bends 1 87 and 1 91 in the material of the ribbon 101k, 
and presents a horizontal surface 193 by which the 
weight of ribbon 101k may be supported. Surface indi- 
cia, such as vertically-oriented slots 195 and mounting 
features, such as holes 1 97, are provided on the vertical 
portion 1 03k of ribbon 1 01 k, and are arranged at regular 
intervals along the length L of ribbon 1 01 k to respective- 
ly (1) identify the location of substrate carriers being 
transported by the ribbon 101k (as described below); 
and (2) provide a secure and/or rigid mounting location 
for supports or cradles adapted to support substrate car- 
riers being transported by the ribbon 1 01 k (as described 
below). Other surface indicia may be employed to iden- 
tify substrate carrier location (e.g., two or more slots per 
substrate carrier location, other indicia shapes, reflec- 
tive surfaces, etc.). Likewise other mounting features 
may be employed for supporting substrate carriers. 
[0021 ] FIG. 6 is a close-up perspective view of the rib- 
bon 1 01 k of FIG. 5 corresponding to circular window 1 99 
of FIG. 5. As shown in FIG. 6, tabs 203 formed at the 
end of the ribbon 101k (near horizontal portion 105k) 
mate with and are inserted into insertion slots 207 
formed in the vertical portion 103k of the ribbon 101k. 
Welds (not shown) are formed at the interface between 
the tabs 203 and insertion slots 207 to prevent the tabs 
203 from backing out of the slots 207, and strain relief 
slots 21 1 are formed through the ribbon 101k next to the 
welds (not shown) to provide strain relief at the site of 
the welds. Other methods of attaching the horizontal 
portion 105k of the ribbon 101k to the vertical portion 
103k of the ribbon 101k may be employed such as riv- 
oted T sections. 

[0022] Bending features such as bending slots 21 9 (e. 
g., laser or otherwise machined cuts) are formed 
through horizontal portion 105k, and strain-relief open- 
ings 221 are formed near bend 1 87 of horizontal portion 
1 05k (adjacent bending slots 21 9) to relieve strain along 
bend 187 of the horizontal portion 105k when ribbon 
101k bends and/or flexes in a horizontal plane (as de- 
scribed further below). 

[0023] FIG. 7 is a top plan view of the ribbon 1 01 k of 
FIGS. 5 and 6, and FIG. 8 is a close-up top plan view of 
the ribbon 1 01 k of FIG. 7 corresponding to circular win- 
dow 223 of FIG. 7. As shown in FIGS. 7 and 8, in at least 
one embodiment, the bending slots 219 through hori- 
zontal portion 1 05k of ribbon 1 01 k are V-shaped and run 
perpendicular to bends 187 and 191 from the strain relief 
openings 221 (FIG. 6) located along bend 1 87. Because 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 445 794 A2 



10 



bending slots 219 pass all the way through horizontal 
portion 105k of ribbon 101k, nothing in the structure of 
the horizontal portion 105k of ribbon 101k will prevent 
ribbon 101k from bending or otherwise flexing in a hor- 
izontal plane perpendicular to the vertical portion 1 03k s 
of the ribbon 101k (FIG. 6), such as in the +x and -x 
directions in FIGS. 7 and 8. However, if bending slots 
219 were relatively narrow at bend 191, the extent to 
which ribbon 1 01 k could bend in the +x direction would 
be much more limited. Due to the shape of bending slots 
219 being roughly in the form of a "V", a gap 227 be- 
tween edges 231 and 235 of bending slots 21 9 at bend 
191 is proportionally much larger than the narrow gap 
239 between edges 231 and 235 of bending slots 219 
at bend 187. As such, a concave right bend as viewed 
in FIGS. 7 and 8 (e.g., a bend in the +x direction) is near- 
ly as unrestrained as is a concave left bend (e.g., a bend 
in the -x direction). It will be understood that concave 
right bends are limited to bends that cause edges 231 
and 235 of bending slots 219 to touch, eliminating gap 
227 and provoking mechanical interference. 
[0024] Other configurations for providing the horizon- 
tal portion 105k with lateral flexibility may be provided 
in place of or in addition to the V-shaped bending slots 
219, such as uniform width bending slots or otherwise 
shaped slots or features. Exemplary dimensions and 
materials for the ribbon 101k are described below. 
[0025] FIG. 9 is a perspective view of a fourth exem- 
plary ribbon 1 01 1 comprising first and second ribbon 
sections 1011* and 1011" coupled in parallel along their 
lengths. With reference to FIG. 9, a horizontal portion 
1 05! of ribbon 1 01 1 comprises first and second horizontal 
portions 1051* and 1051", and a vertical portion 1031 of 
ribbon 1 01 1 comprises first and second vertical portions 
1031" and 1031". First horizontal portion 1051' of first rib- 
bon section 1011' includes bends 187P and 191 r, and 
bending features such as bending slots 2191', and sec- 
ond horizontal portion 1051" of second ribbon section 
1 01 T includes bends 1 87I" and 1 91 1", and bending fea- 
tures such as bending slots 2191". 
[0026] FIG. 10 is a perspective view of a portion of 
ribbon 1011 of FIG. 9, with second ribbon section 1011" 
removed to reveal adhesive strips 243a, 243b and 243c 
(e.g., two-sided tape) running the length of ribbon 1 011 . 
Adhesive strip 243a is placed along the top of ribbon 
1011 adjacent horizontal portion 1051, and secures the 
first horizontal portion 105i' of first ribbon section 1011' 
to the second horizontal portion 1 05I" (FIG. 9) of second 
ribbon section 1011" (FIG. 9). Adhesive strip 243b is 
placed along the middle of ribbon 1011, and adhesive 
strip 243c is placed along the bottom of ribbon 1011. 
Together, adhesive strips 243b and 243c secure the first 
vertical portion 1 031 1 of first ribbon section 1 01 1 ' to the 
second vertical portion 1031" (FIG. 9) of second ribbon 
section 1011" (FIG. 9). Other locations for the adhesive 
strips 243a-b may be employed. 
[0027] Each adhesive strips 243a-c may comprise, for 
example, one or more strips of high-strength, two-sided 



tape such as VHB tape manufactured by 3M, or another 
suitable adhesive strip. Other numbers of adhesive 
strips may be employed, as may other techniques for 
coupling the first and second ribbon sections 1011' and 
1011" of the ribbon 1011 (e.g., welding, riveting, gluing 
or the like). 

[0028] FIG. 1 1 is a top plan view of ribbon 1 01 1 of FIG. 
9. As shown in FIG. 11, v-shaped bending slots 2191' 
extend through horizontal portion 1051' of first ribbon 
section 1 01 P and provide a first gap 227P at bend 1 91 P 
that is wider than a second gap 239I' at bend 187t\ V- 
shaped bending slots 21 91" extend through horizontal 
portion 1 05P of second ribbon section 1 01 P and provide 
a third gap 227P at bend 1 91 P that is widerthan a fourth 
gap 239I" at bend 1871". As with the bending slots 219 
of the third ribbon 1 01 k of FIGS. 5-8, the bending slots 
2191' and 2191" allow the fourth ribbon 1011 to bend and/ 
or otherwise flex in a horizontal plane perpendicular to 
the vertical portion 1011 of the ribbon 1011 (e.g., in the 
+x and -x directions of FIG. 11). In at least one embod- 
iment of the invention, the gaps 227P and 2271 " may be 
substantially equivalent in width, giving ribbon 1011 
equivalent bending ranges in the +x and -x directions. 
Alternatively, the gaps 227P and 227I" may be different. 
Other configurations for providing the horizontal portion 
1 051 with lateral flexibility may be employed in place of 
or in addition to the V-shaped bending slots 21 9Y and 
2191" such as uniform width bending slots or otherwise 
shaped slots or features. Exemplary dimensions and 
materials for the ribbon 1011 are described below. 
[0029] FIG. 12 is a perspective view of a fifth exem- 
plary ribbon 101m provided in accordance with the 
present invention having a vertical portion 103m and a 
horizontal portion 1 05m formed from separate pieces of 
material. In at least one embodiment of the invention, 
attachment features such as holes 247 in the vertical 
portion 1 03m of the ribbon 1 01 m correspond to attach- 
ment features (e.g., holes 251) in the horizontal portion 
105m of the ribbon 101m, enabling horizontal portion 
105m to be attached (e.g., bolted, riveted, or otherwise 
attached) to vertical portion 103m along the length of 
the vertical portion 103m. In another embodiment of the 
invention, the horizontal portion 105m may be attached 
to the vertical portion 103m via adhesion (e.g., using 
strips of adhesive tape as previously described on one 
or both sides of the vertical portion 1 03m) , welding, etc. , 
(with or without the use of attachment features). 
[0030] Horizontal portion 105m may comprise sepa- 
rately attachable horizontal portion sections 255, 
shaped appropriately to permit lateral bending of vertical 
portion 103m without mechanical interference between 
horizontal portion sections 255. For example, the hori- 
zontal portion sections 255 may be shaped so as to form 
gaps between adjacent portion sections 255, similar to 
the bending features of the ribbons 101k, 1011 of FIG. 
5-11, when the horizontal portion sections 255 are at- 
tached to the vertical portion 1 03m of the ribbon 101m. 
Any of the other configurations described herein for prO- 
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viding lateral flexibility also may be employed. 
[0031 ] Each horizontal section portion 255 comprises 
a first horizontal portion 255a adapted to extend hori- 
zontally from a first side of the vertical portion 103m of 
the ribbon 1 01 m, and a second horizontal portion 255b 5 
adapted to extend horizontally from a second side of the 
vertical portion 1 03m. The first and second horizontal 
portions 255a-b may be coupled together and/or formed 
from a single (continuous) piece of material (as shown), 
or separate and/or formed from multiple pieces of ma- 
terial. Other shapes of horizontal section portions 255 
than that illustrated may be employed (e.g., triangular 
shapes). Further, two or more of the horizontal section 
portions 255, the first horizontal portions 255a and/or 
the second horizontal portions 255b may be formed 
from a single (continuous) piece of material; and provid- 
ed with appropriate bending features. 
[0032] Vertical portion 1 03m may also comprise sep- 
arately attachable vertical portion sections 259. For ex- 
ample, each vertical portion section 259 may be provid- 
ed with a thinned region at an end of the vertical portion 
section 259 that is to be coupled to another vertical por- 
tion section 259. In this manner, the thinned regions of 
the vertical portion sections 259 may overlap, and be 
secured to one another via bolting, riveting, welding, ad- 
hesives or an other technique without significantly in- 
creasing the width and/or affecting the bending proper- 
ties of the ribbon 1 01 m. The horizontal portion sections 
255 also may be employed to couple vertical portion 
sections 259 together (e.g., via bolts, rivets or the like 
which extend through two back-to-back horizontal por- 
tion sections 255a and 255b, via a clamping action when 
each horizontal section portion 255 is formed from a sin- 
gle (continuous) piece of material, etc.). Additional at- 
tachment features (e.g., holes 247, 251) may be provid- 
ed within the vertical portion sections/horizontal portion 
sections for this purpose (as shown at location 261 in 
FIG. 12). 

[0033] In one embodiment of the invention vertical 
portion sections 259 can be mated along a diagonal or 
otherwise oriented seam 263 and secured at features 
267 (e.g., bolt or rivet holes through the vertical portion 
sections 259) at locations on vertical portion 103m at 
which vertical portion sections 259 overlap. Where ver- 
tical portion sections 259 overlap, the vertical portion 
sections can be half as thick as the overall width of the 
vertical portion 1 03m to maintain uniform bending prop- 
erties along the length of vertical portion 103m. 
[0034] If a single piece of material is used to form the 
entire vertical portion 103m of ribbon 101m, the two 
ends of the vertical portion 1 03m can be secured as de- 
scribed above to form a continuous loop. Any of the oth- 
er ribbons described herein may be similarly formed 
from single or multiple vertical portion sections. 
[0035] Exemplary embodiments for the ribbon 1 01 a- 
m of FIGS. 1A-12 will now be described. It will be un- 
derstood that the below listed embodiments are merely 
exemplary, and that other materials, dimensions and/or 



other parameters may be employed. For convenience, 
"ribbon 1 01 " is employed to refer to any of the inventive 
ribbons described herein. 

[0036] Selection of the material used for any of the 
ribbons 101 may be based on numerous factors such 
as material strength, flexibility, fatigue rate, cost, etc. In 
one or more embodiments, at least the vertical portion 
103 of each ribbon 101 is formed from stainless steel, 
such as 301 half hard, 1 7-7 or another suitable stainless 
steel. The horizontal portion 105 of each ribbon 101 may 
be formed from the same, or in some cases a different 
material, than is employed to form the vertical portion 
1 03 of the ribbon 1 01 . Other suitable materials that may 
be employed to form the ribbon include, for example, 
plastic having an inte rior support structu re such as stain- 
less steel, or a similar material. 
[0037] Selection of the thickness of the vertical portion 
1 03 of each ribbon 1 01 also may be based on such fac- 
tors as material strength, flexibility, fatigue rate, cost, 
etc. Additionally, and as described further below, numer- 
ous driving and/or constraining wheels may be em- 
ployed to drive and reduce lateral motion of a ribbon as 
the ribbon rotates. As a ribbon passes over (or between) 
such driving or constraining wheels, the ribbon may de- 
flect laterally (e.g., possibly increasing the difficulty of 
substrate transfer operations, requiring larger toleranc- 
es for other conveyor components, etc.). To reduce lat- 
eral deflections, the thickness of the vertical portion 1 03 
of a ribbon 101 may be increased. However, increasing 
ribbon thickness increases fatigue rate of the ribbon. Ac- 
cordingly, a balance between lateral deflection amount 
and fatigue rate may be obtained through appropriate 
selection of material thickness for the vertical portion 
103 of a ribbon 101. In one particular embodiment 
wherein the ribbon 1 01 is formed from stainless steel, a 
vertical portion 103 thickness of between about 
0.04-0.06 inches, and more preferably about 0.05 inch- 
es, may be employed based on these and/or other con- 
siderations. In embodiments such as the second ribbon 
101b (FIG. 1B) and the fourth ribbon 1011 (FIG. 9) 
wherein two ribbon sections are coupled together, an 
overall vertical portion 103 thickness of between about 
0.04-0.06 inches of stainless steel, and more preferably 
about 0.05 inches of stainless steel, may be employed. 
Note that the adhesive strips 243a-c may increase the 
overall thickness of a vertical portion (e.g., by about 
0.015 inches, depending on the adhesive strip em- 
ployed). (A thicker adhesive film may have improved vi- 
bration/sound dampening, but may be more fragile.) As 
stated, other materials and/or other thicknesses for 
each ribbon 101 may be employed. 
[0038] Selection of the overall height of a ribbon 1 01 
may be based on a number of factors such as that 
amount of the vertical portion 103 required to accom- 
modate the (1) horizontal portion 105 of the ribbon 1 01 ; 
and (2) any substrate carrier supports (described below) 
coupled to the ribbon 101 (e.g., at mounting locations 
such as the holes 197 in FIG. 5). Other factors may in- 
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elude, for example, the size of the wheels employed to 
constrain and/or drive the ribbon 101 (described below). 
In general, a shorter ribbon height reduces lateral cur- 
vature of a ribbon. In one particular embodiment where- 
in the horizontal portion 1 05 of a ribbon 1 01 consumes 5 
about 0.5 inches of the vertical portion 1 03 of the ribbon 
101, a ribbon height of about six inches is employed, 
although other ribbon heights may be used. Other hor- 
izontal portion heights also may be employed. 
[0039] Selection of the width of the horizontal portion 
105 of a ribbon 101 may depend on, for example, the 
width of the device employed to support the ribbon (e. 
g., support wheel width, described below), the amount 
of lateral deviation of the ribbon 101 as it rotates, etc. In 
one particular embodiment, the overall width of the hor- 
izontal portion 105 is about 1 .5 inches (e.g., about 0.75 
inches on each side of the vertical portion 1 03), although 
other dimensions may be employed. 
[0040] Selection of the width of the bending features 
of the horizontal portion 1 05 of a ribbon 1 01 may be 
based on, for example, width of the horizontal portion 
105 (e.g., distance the horizontal portion 105 extends 
laterally from the vertical portion 1 03 of the ribbon), the 
amount the ribbon material may bend without being 
damaged and/or prematurely fatigued, the spacing be- 
tween adjacent bending features, support wheel dimen- 
sions/wear resistance, and/or the like. In general, the 
larger the width of the bending feature (of a horizontal 
portion of a ribbon), the more the ribbon may bend, and 
the more a supporting wheel may wear during rotation 
of the ribbon. Further, a smaller spacing between adja- 
cent bending features generally requires smaller bend- 
ing feature width to obtain equivalent bending. Too small 
of a spacing between adjacent bending features, how- 
ever, may increase ribbon manufacturing costs and/or 
complexity, and may decrease reliability. In one partic- 
ular embodiment wherein a bending radius of about 
36-48 inches is desired for a stainless steel ribbon, a 
uniform bending feature width of about 0.034 inches and 
a bending-feature-to-bending-feature spacing of about 
one inch may be employed. Other bending radii, bend- 
ing feature sizes, and/or bending feature spacings may 
be provided. 

EXEMPLARY SUPPORT SYSTEMS FOR INVENTIVE 
RIBBON 

[0041] To form a conveyor system for transporting 
substrate carriers within a semiconductor device man- 
ufacturing facility employing one of the inventive ribbons 
101 described herein (such as one of the conveyor sys- 
tems described previously with reference to FIGS. 2-4), 
the ribbon must be supported and rotated. FIG. 13A is 
a schematic side view of a portion of an exemplary sup- 
port system 269 that may be employed to house, sup- 
port, drive and/or constrain a ribbon 1 01 (shown in phan- 
tom) within a conveyor system. In general, the support 
system 269 may (or may not) surround an entire closed 



loop formed by the ribbon 1 01 . 
[0042] The portion of the support system 269 shown 
in FIG. 13A includes a housing section 271 adapted to 
surround at least a portion of the ribbon 101 . For exam- 
ple, a first portion 272a of the housing section 271 may 
surround the horizontal portion 105 of the ribbon 101 , 
and a second portion 272b of the housing section 271 
may surround at least a portion of the vertical portion 
103 of the ribbon 101 . Many of such housing sections 
may be employed to house and/or support a ribbon with- 
in a conveyor system. 

[0043] The housing section 271 includes one or more 
first openings 273 adapted to allow at least one support 
wheel (not shown) to contact and support the ribbon 1 01 
as the ribbon 101 rotates; and one or more second 
openings 275 adapted to allow at least one constraining 
wheel (not shown) to contact the ribbon 101 and to re- 
duce lateral motion of the ribbon 1 01 as the ribbon 1 01 
rotates. The housing section 271 also may include one 
or more third openings 277 adapted to allow a driving 
wheel (not shown) to contact the ribbon 1 01 and rotate 
the ribbon 1 01 . The number of support, constraining 
and/or driving wheels employed may depend on a 
number of factors such as length of the housing section 
271 , whether the housing section 271 is straight or 
curved, whether the housing section 271 is at a location 
at which substrate carrier transfer operations may occur, 
the amount of lateral wobble of the ribbon 1 01 that can 
be tolerated within a conveyor system employing the 
housing section 271 , etc., as described further below. 
[0044] The housing section 271 of the support system 
269 may be supported by one or more housing supports 
279. One or more shields 281 (only a portion of one 
shield 281 is shown in FIG. 13A) may be coupled to the 
housing supports 279 and/or the housing section 271 
so as to protect substrate carriers (such as substrate 
carrier283 in FIG. 13A) being transported by the ribbon 
101 and/or operators from the ribbon 101 and/or sub- 
strate carriers being transported by the ribbon 1 01 . As 
stated, the housing section 271 may be straight or 
curved, depending on the portion of the ribbon 101 that 
is being housed and/or supported by the housing sec- 
tion 271 . 

[0045] FIGS. 1 3B and 1 4 are a perspective view and 
a side view, respectively, of an exemplary straight por- 
tion of an inventive support system 269a for housing, 
driving, constraining and/or supporting a portion of a 
sixth ribbon 101n (FIG. 14) in accordance with the 
present invention. The sixth ribbon 1 01 n is similar to the 
first ribbon 101a of FIG. 1 A, and comprises a t-shaped 
ribbon having a horizontal portion and vertical portion 
formed from a single (continuous) piece of material. Any 
of the other ribbons described herein may be similarly 
housed, driven, constrained and/or supported by the 
support system 269a. 

[0046] Support system 269a comprises a housing 
section 271a, two or more housing section supports 
279a adapted to support the housing section 271a, a 
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driving wheel system 284 (which in the embodiment 
shown comprises two driving wheel units 285 attached 
to a driving wheel unit support 287 through which hous- 
ing section 271 a is passed), and multiple support wheel 
units 289 and constraining wheel units 291 attached to 
housing section 271a. Fewer or more numbers of sup- 
ports 279a, driving wheel units 285, support wheel units 
289 and/or constraining wheel units 291 may be em- 
ployed. 

[0047] At least a portion of ribbon 101n (FIG. 14) is 
housed by and is allowed to pass through housing sec- 
tion 271a. Ribbon 101n (FIG. 14) in turn may transport 
substrate carriers 283a (FIG. 14) by the use of cradles 
or other supports 292 (FIG. 1 4) as described further be- 
low. As described previously with reference to FIG. 13A, 
housing section 271a has openings (not shown) for al- 
lowing the wheels (not shown) of the driving wheel units 
285, support wheel units 289, and constraining wheel 
units 291 to contact ribbon 1 01 n as the ribbon 1 01 n ro- 
tates (e.g., passes through housing section 271a). 
[0048] In at least one embodiment of the invention, 
the ends of housing section 271a may slide into sup- 
ports 279a and be secured therein by fasteners 293 (e. 
g., bolts, screws or the like). Supports 279a further pro- 
vide mounting features, e.g. slotted holes 295 or other 
features, that permit the supports 279a together with the 
housing section 271 a to be held aloft, e.g., from the ceil- 
ing of a semiconductor device fabrication facility. 
[0049] In at least one embodiment of the invention, 
shields 281a (only one of which is shown in FIG. 13B) 
span the length of each side of housing section 271a 
between supports 279a, and may be held in place, for 
example, by supports 279a (e.g., via support regions 
297 formed on each side of each support 279a) and/or 
by the housing section 271a. Each shield 281a is 
shaped such that substrate carriers 283a (FIG. 14) be- 
ing transported by the ribbon 1 01 n and supports or cra- 
dles 292 (FIG. 1 4) supporting such earners are shielded 
from any potential impact with other objects within the 
semiconductor device manufacturing facility. Shields 
281 a may be screwed, bolted or otherwise held in place 
relative to the supports 279a and/or housing section 
271a as shown in FIG. 13B. 

[0050] In at least one embodiment of the invention, 
each housing section 271 a is formed from a material 
having sufficient strength and rigidity to support the var- 
ious components coupled to the housing section 271a 
(e.g., the driving wheel units 285, the driving wheel unit 
support 287, the support wheel units 289 and/or the con- 
straining wheel units 291) and the ribbon 101n. For ex- 
ample, each housing section 271 a may be formed of a 
material such as aluminum, plastic, etc. The housing 
section supports 279a and/or the driving wheel unit sup- 
port 287 may be formed from a similar material (e.g., an 
aluminum casting). 

[0051] The shields 281a preferably are formed from 
a lightweight and/or inexpensive material such as alu- 
minum, sheet metal, vacuformed plastic, etc., so as to 



reduce the overall weight and expense of the support 
system 269a. When the shields 281a are formed of a 
material such as aluminum, one or more of the housing 
section supports 279a may include an extended support 

5 region 297 that allows a shield 281a to fit therein and/ 
or be supported between the supports 279a despite 
thermally induced length variations of the shield. Such 
temperature induced length changes may occur, for ex- 
ample, if the system 269a is fabricated/tested at a facility 

10 having a different temperature than the semiconductor 
device manufacturing facility in which the system 269a 
is eventually installed. 

[0052] As shown in FIG. 14, housing section 271a 
forms a first gap 301 , within which the horizontal portion 

is I05n of ribbon 101n is housed and through which the 
horizontal portion 1 05n can pass. Housing section 271 a 
also forms a second gap 303, within which the vertical 
portion 103n of ribbon 101n is housed and through 
which the vertical portion 1 03n can pass. The gaps 301 , 

20 303 of the housing section 271 a may be sized to accom- 
modate any of the ribbon configurations described pre- 
viously, or any other ribbon configuration. As shown in 
FIG. 14, the housing section 271a also includes a third 
gap 305 sized to allow mounting hardware 307 (for sup- 

25 porting each cradle/support 292) to be coupled to the 
vertical portion 103n of the ribbon 101n. 
[0053] Each housing support 279a forms an opening 
309, through which a vertical end portion of housing sec- 
tion 271a is inserted. As stated, housing section 271a 

30 may be secured in place within each support 279a by 
fasteners 293 (e.g., by bolts or other fasteners that ex- 
tend through flanges of housing section 271a). Exem- 
plary embodiments of the driving wheel units 285, the 
support wheel units 289 and the constraining wheel 

35 units 291 are described below with reference to FIGS. 
15-23. 

EXEMPLARY INVENTIVE DRIVING WHEEL SYSTEM 

40 [0054] FIGS. 15 and 16 are a front plan view and a 
bottom plan view, respectively, of an exemplary embod- 
iment of the inventive driving wheel system 284 of FIG. 
13B, referred to as driving wheel system 284a in FIGS. 
1 5 and 1 6. The driving wheel system 284a may be sim- 

45 ilarto the driving wheel system 284 of FIG. 13Bandmay 
include one or more driving wheel units 285a coupled 
to a driving wheel unit support 287a. In the embodiment 
of FIGS. 1 5 and 1 6, however, only one driving wheel unit 
285a is employed. 

so [Q055] With reference to FIGS. 1 5 and 1 6, the driving 
wheel unit 285a includes a motor 311 coupled to and 
adapted to rotate a rotating member 313 (e.g., a wheel, 
gear, etc.) contained within a motor housing 315 cou- 
pled to the driving wheel unit support 287a. The motor 

55 311 may comprise, for example, a conventional servo 
motor or other suitable motor capable of rotating the ro- 
tating member 313 (and thus a ribbon 101 of an inven- 
tive conveyor system as described below) at an approx- 
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imately constant rate. 

[0056] In the embodiment shown in FIGS. 15 and 16, 
the motor housing 315 is coupled to the driving wheel 
unit support 287a via a first pivot 317 and a first latching 
mechanism 319a (FIG. 16). When the first latching 
mechanism 31 9a is disengaged, the motor housing 3 1 5 
may pivot toward or away from the driving wheel unit 
support 287a; and when the first latching mechanism 
31 9a is engaged, the motor housing 31 5 is held station- 
ary relative to the driving wheel support 287a (as shown 
in FIGS. 15 and 16). Any suitable latching mechanism 
may be employed to engage/disengage the non-pivot- 
ing end of the motor housing 315 relative to the driving 
wheel unit support 287a. For example, the first latching 
mechanism 319a may comprise a ring/hoop 321 (cou- 
pled to the motor housing 315) that engages/disengag- 
es a hook 323 (coupled to the driving wheel unit 287a) 
in response to movement of a handle 325. Any other 
suitable configuration may be employed similarly. 
[0057] The driving wheel unit support 287a includes 
an opening 327 sized to allow a housing section 271 of 
support system 269 (FIG. 13A or 13B) to pass there- 
through, and may be coupled to the housing section 271 
via any suitable fastening mechanism (e.g., bolts, 
screws or the like, generally represented by reference 
numeral 329 in FIG. 15). Other configurations may be 
employed. For example, the driving wheel unit support 
287a may be adapted to reside on and/or couple to only 
one side of a housing section. 
[0058] The driving wheel unit support 287a includes 
a first set of wheels 331a adapted to pass through an 
opening in a first side of a housing section 271 , such as 
opening 277 in FIG. 13A, and contact a first side of a 
vertical portion 1 03 of a ribbon 1 01 contained therein 
(not shown in FIGS. 15 and 16). The driving wheel unit 
support 287a also includes a second set of wheels 331 b 
adapted to pass through an opening, such as an open- 
ing 277, in a second side (opposite the first side) of the 
same housing section 271 and contact a second side of 
the vertical portion 1 03 of the ribbon 1 01 . In this manner, 
the first and second sets of wheels 331 a, 331 b limit lat- 
eral motion of the ribbon 101. Fewer or more than two 
wheels per wheel set may be employed. 
[0059] )n the embodiment shown in FIGS. 1 5 and 1 6, 
the first set of wheels 331 a are adapted to be contacted 
and driven by the rotating member 313. The first set of 
wheels 331 a, in turn, may contact a vertical portion 1 03 
of a first side of a ribbon 101 that passes through the 
driving wheel unit support 287a and drive (rotate) the 
ribbon 101. As stated, the second set of wheels 331b 
are adapted to contact a second side of the vertical por- 
tion 103 of the ribbon 101 (opposite to the first side); and 
reduce lateral motion of the ribbon 1 01 due to contact 
with the first set of wheels 331 a. in general, one or both 
sets of wheels 331a, 331b may be motor driven. 
[0060] The first set of wheels 331 a is coupled to the 
driving wheel unit support 287a via a first pivot member 
333 (FIG. 16) that is adapted to pivot about a second 



pivot 335. The first pivot member 333 (and thus the first 
set of wheels 331 a) may be adapted to pivot toward or 
away from the second set of wheels 331 b as the motor 
housing 31 5 pivots toward or away from the second set 

5 of wheels 331 b. For example, the first pivot member 333 
may be coupled to the motor housing 31 5 or biased (e. 
g., via a spring) so as to move away from the second 
set of wheels 331 b when motor housing 31 5 pivots away 
from the second set of wheels 331b. 

10 [0061] Likewise, the second set of wheels 331b is 
coupled to the driving wheel unit support 287a via a sec- 
ond pivot member 337 (FIG. 1 6) that is adapted to pivot 
about a third pivot 339. A latching member 341 , coupled 
to the driving wheel unit support 287a via a fourth pivot 

is 343 and a second latching mechanism 31 9b, may be 
employed to selectively pivot the second pivot member 
337 (and thus second set of wheels 331 b) away from or 
toward the first set of wheels 331 a. The latching mech- 
anism 319b may be similar to the latching mechanism 

20 31 ga, or any other suitable latching mechanism may be 
employed. As stated, the second set of wheels 331 b al- 
so may be driven, and configured to pivot with a driving 
wheel unit in a manner similar to that of the first set of 
wheels 331 a. 

25 [0062] In operation, a ribbon 101 (not shown) may 
pass through the driving wheel unit support 287a (and 
a housing section 271) and may be driven (rotated) at 
an approximately constant speed by the first set of 
wheels 331 a. Excessive lateral motion due to contact 

30 between the ribbon and the first set of wheels 331a is 
limited by the second set of wheels 331 b. Assuming the 
ribbon is driven by more than one of the driving wheel 
systems 284a, the first set of wheels 331 a may be re- 
placed while the ribbon is in motion by (1) releasing the 

35 latching mechanism 31 9a; (2) pivoting the motor hous- 
ing 315 away from the first set of wheels 331 a; (3) piv- 
oting the first set of wheels 331 a away from the ribbon; 
and (4) replacing the first set of wheels 331 a. The first 
set of wheels 331 a may then be brought back into con- 

40 tact with the ribbon. The second set of wheels 331 b may 
be replaced while the ribbon is in motion via a similar 
operation (employing the latching mechanism 31 9b and 
the latching member 341). The first and second sets of 
wheels 331a, 331b (or any other portions of the driving 

45 wheel system 284a) may be replaced at the same time 
or at different times. 

EXEMPLARY INVENTIVE CONSTRAINING WHEEL 
UNITS ~ 

50 

[0063] FIGS. 17 and 18 are respective rear and bot- 
tom plan views of a first exemplary embodiment of the 
constraining wheel unit 291 of FIG. 13B, referred to as 
constraining wheel unit 291a in FIGS. 17 and 18, in 
55 which the constraining wheel unit 291 a is in a "lock" po- 
sition with constraining wheels extended. FIGS. 19 and 
20 are respective rear and bottom plan views of the con- 
straining wheel unit 291a in a "load" position with con- 
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straining wheels retracted. 

[0064] With reference to FIGS. 17-19, the constrain- 
ing wheel unit 291 a includes a housing 351 that is adapt- 
ed to couple to an opening of a housing section 271 of 
support system 269 (e.g., the second opening 275 of 
housing section 271 in FIG. 13A, such as via one or 
more bolts, screws or other fasteners represented gen- 
erally by reference numeral 353 in FIGS. 17-19). The 
housing 351 houses a pair of constraining wheels 355 
that are adapted to contact and provide constrain to a 
ribbon 101 that passes the constraining wheels 355 as 
described further below. As best shown in FIGS. 1 8 and 
20, the constraining wheels 355 are adapted to rotate 
about a first axis of rotation 357. Only one, or more than 
two, constraining wheels may be employed. 
[0065] The constraining wheel unit291a includesale- 
ver 359 that is coupled to the constraining wheels 355 
and adapted to rotate about a second axis of rotation 
361 that is offset from the first axis of rotation 357 of the 
constraining wheels 355 (e.g., by an offset 363). In this 
manner, as the lever 359 is rotated into a lock position 
(as shown in FIGS. 1 7 and 1 8), the first axis of rotation 
357 of the constraining wheels 355 is moved toward an 
edge 365 of the housing 351 , thereby moving the con- 
straining wheels 355 into an extended position (and into 
contact with a ribbon 101 passing through a housing 
section 271 (FIG. 13A) to which the constraining wheel 
unit 291a is coupled). Likewise, as the lever 359 is ro- 
tated into a load position (as shown in FIGS. 1 9 and 20), 
the first axis of rotation 357 of the constraining wheels 
355 is moved away from the edge 365 of the housing 
351 , thereby moving the constraining wheels 355 into a 
retracted position (and out of contact with a ribbon 1 01 
passing through the housing section 271 to which the 
constraining wheel unit 291 a is coupled). The offset 363 
may be determined, for example, based on the distance 
that the constraining wheels 355 must extend to contact 
a ribbon 1 01 . In at least one embodiment, the offset may 
be about 3 mm, although other offsets may be em- 
ployed. 

[0066] In operation, the constraining wheel unit 291 a 
is coupled to a housing unit 271 of support system 269 
(not shown in FIGS. 1 7-20), such as at one of the second 
openings 275 of FIG. 13A. The lever 359 is rotated into 
a lock position (FIGS. 1 7 and 1 8) so that the constraining 
wheels 355 are brought into contact with a first side of 
a vertical portion 103 of a ribbon 101 (not shown) that 
passes through the housing section 271. When the 
housing section 271 is a straight section, a second con- 
straining wheel unit 291a (not shown) preferably is em- 
ployed so that a second pair of constraining wheels 355 
(not shown) contact a second side of the vertical portion 
103 of the ribbon 101 that is opposite the first side of the 
vertical portion 1 03. In this manner, lateral motion of the 
ribbon 1 01 as it rotates may be limited by the constrain- 
ing wheel units 291 a. 

[0067] The constraining wheels 355 may be replaced 
while a ribbon 101 is in motion by (1) moving the lever 



359 from the lock position (FIGS. 1 7 and 18) to the load 
position (FIGS. 19 and 20) so that the constraining 
wheels 355 retract from the ribbon 1 01 ; (2) removing the 
constraining wheel unit 291a from the housing section 

5 271 (FIG. 13A) to which the constraining wheel unit 
291a is coupled; and (3) replacing the constraining 
wheels 355. Only one constraining wheel 355 need be 
replaced if desired. The constraining wheels 355 may 
then be brought back into contact with the ribbon by reat- 

10 taching the constraining wheel unit 291 a to the housing 
section 271 and moving the lever 359 to the lock position 
(FIGS. 17 and 18). 

[0068] FIGS. 21 is a perspective front view of a sec- 
ond exemplary embodiment of the constraining wheel 

15 unit 291 of FIG. 13B, referred to as constraining wheel 
unit 291 b in FIG. 21 . The constraining wheel unit 291 b 
is similar to the constraining wheel 291 a of FIGS. 1 7-20, 
but does not employ a lever 359 to move the constrain- 
ing wheels 355 between a lock and a load position. 

20 Rather, the constraining wheels 355 remained fixed rel- 
ative to the housing 351 of the constraining wheel unit 
291b. 

[0069] The constraining wheels 355 of the constrain- 
ing wheel unit 291b may be replaced while a ribbon is 

25 in motion (and is being constrained by the wheels 355) 
by removing the constraining wheel unit 291 b from the 
housing section 271 (FIG. 13A) to which the constrain- 
ing wheel unit 291b is coupled and then replacing the 
constraining wheels 355. Only one constraining wheel 

30 355 need be replaced if desired. The constraining 
wheels 355 may then be brought back into contact with 
the ribbon by reattaching the constraining wheel unit 
291 b to the housing section 271 . (For example, the con- 
straining wheel unit 291b may be detached from/at- 

35 tached to the housing section 271 via fasteners 353.) 
[0070] FIG. 22 is a perspective front view of a third 
exemplary embodiment of the constraining wheel unit 
291 of FIG. 13B, referred to as constraining wheel unit 
291c in FIG. 22. The constraining wheel unit 291c is sim- 

40 Har to the constraining wheel 291b of FIG. 21 , but only 
employs a single constraining wheel 355. For example, 
a f irst constraining wheel unit 291 c may be employed to 
constrain a top portion of a first side of a vertical portion 
103 of a ribbon 101 (not shown) and a similar, second 

45 constraining wheel unit 291c may be positioned below 
the first constraining wheel unit 291c and employed to 
constrain a bottom portion of the first side of the vertical 
portion 103 of the ribbon 101 . The constraining wheels 
355 of the first and second constraining wheel units 

50 291 c thereby may be replaced independently of one an- 
other. For example, the constraining wheel 355 of the 
constraining wheel unit 291 c of FIG. 22 may be replaced 
while a ribbon is in motion by removing the constraining 
wheel unit 291c from the housing section 271 to which 

55 the constraining wheel unit 291 c is coupled and then re- 
placing the constraining wheels 355. The constraining 
wheel 355 may then be brought back into contact with 
the ribbon by reattaching the constraining wheel unit 
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29 1 c to the housing section 271 . (For example, the con- 
straining wheel unit 291c may be detached from/at- 
tached to the housing section 271 via fasteners 353). 

EXEMPLARY INVENTIVE SUPPORT WHEEL UNIT 

[0071 ] FIG. 23 is a front perspective view of an exem- 
plary embodiment of the support wheel unit 289 of FIG. 
13B, referred to as support wheel unit 289a in FIG. 23. 
With reference to FIG. 23, the support wheel unit 289a 
includes a first housing portion 369 that is hingedly cou- 
pled to a second housing portion 371 . A support wheel 
373 is rotatably coupled to the second housing portion 
371 . The first and second housing portions 369, 371 are 
adapted to couple to a housing section 271 of support 
system 269 (e.g., the first opening 273 of housing sec- 
tion 271 in FIG. 13A, such as via one or more bolts, 
screws or other fasteners represented generally by ref- 
erence numeral 375 in FIG. 23). 
[0072] in operation, to support a ribbon 101 (not 
shown) employing the support wheel unit 289a, the sup- 
port wheel unit 289a is coupled to a housing section 271 
(e.g., at a first opening 273 of housing section 271 of 
FIG. 13A). With both the first and second housing por- 
tions 369, 371 coupled to the housing section 271 , the 
support wheel 373 extends into the housing section 271 
and contacts and supports a first side of a horizontal 
portion 105 of the ribbon 101 as the ribbon rotates. Nu- 
merous of such support wheel units may be employed 
to support the rotating ribbon at other locations along 
the ribbon. If the ribbon 101 being supported has a hor- 
izontal portion 105 on both sides of the vertical portion 
1 03 of the ribbon 1 01 , one or more support wheel units 
may be coupled on both sides of the housing section 
271 (FIG. 13B) so that the support wheel units support 
the ribbon 101 on both sides of the vertical portion 1 03 
of the ribbon 101. 

[0073] The support wheel 373 may be replaced while 
the ribbon is in motion by (1) unfastening the fasteners 
375 of the second housing portion 371 of the support 
wheel unit 289a; (2) pivoting the second housing portion 
371 (and thus the support wheel 373) away from the rib- 
bon; and (3) replacing the support wheel 373. The sup- 
port wheel 373 then may be brought back into contact 
with the ribbon by reattaching the second housing por- 
tion 371 to the housing 271 section. 
[0074] It will be understood that the embodiments of 
the housing sections 271 , driving wheel systems 284, 
support wheel units 289, and/or constraining wheel units 
291 described above are merely exemplary, and that 
other apparatus may be employed to similarly house, 
drive, support and/or constrain a ribbon in accordance 
with the present invention. Each wheel employed with 
the inventive driving wheel systems 284, support wheel 
units 289, and/or constraining wheel units 291 may be 
the same or a different type of wheel. In at least one 
embodiment of the invention, each wheel of the driving 
wheel systems 284, support wheel units 289, and con- 



straining wheel units 291 may comprise an in-line skate 
wheel. Any other suitable wheel/rotating member and/ 
or material may be similarly employed (e.g., high density 
polyethelene wheels). 

5 

EXEMPLARY IMPLEMENTATION OF AN INVENTIVE 
CONVEYOR SYSTEM 

[0075] In accordance with the present invention, an 

10 inventive conveyor system, such as one of the convey- 
ors 106, 121 or 155 of FIGS. 2-4, may be implemented 
employing one or more of the ribbons 1 01a-n described 
herein and one or more housing sections (e.g., housing 
section 271 (FIGS. 13A-B)), one or more driving wheel 

15 systems (e.g., driving wheel system 284 (FIGS. 13B- 
16)), one or more support wheel units (e.g., support 
wheel units 289 (FIGS. 1 3B and 23)) and/or one or more 
constraining wheel units (e.g., constraining wheel units 
291 (FIGS. 13B and 17-22)) described herein. For ex- 

20 ample, a ribbon 1 01 may be employed to form a simple 
or serpentine closed loop that is (1 ) housed within a plu- 
rality of straight and/or curved housing sections 271 ; (2) 
driven by one or more driving wheel units 285; (3) sup- 
ported by one or more support wheel units 289; and (4) 

25 constrained by one or more constraining wheel units 
291. 

[0076] By orienting the ribbon so that a thick portion 
of the ribbon resides within a vertical plane and a thin 
portion of the ribbon resides within a horizontal plane, 

30 the ribbon is flexible in the horizontal plane and rigid in 
the vertical plane. Such a configuration allows the in- 
ventive conveyor to be constructed and implemented in- 
expensively (e.g., because the high aspect ratio ribbon 
is easy and inexpensive to manufacture). Because the 

35 driving wheels may contact and drive the ribbon along 
a vertical portion of the ribbon, and the support wheels 
may contact and support the ribbon along a horizontal 
portion of the ribbon, the driving mechanism for the rib- 
bon is decoupled from the supporting mechanism forthe 

40 ribbon and each may be serviced independently. Fur- 
ther, driving wheels, support wheels and constraining 
wheels may be replaced while the ribbon is in motion (e. 
g., reducing conveyor system downtime and increasing 
substrate throughput). 

45 [Q077] The number of housing sections 271 , driving 
wheel units 285, support wheel units 289 and constrain- 
ing wheel units 291 employed within a conveyor system 
depends on numerous factors such as length and/or 
thickness of the ribbon 1 01 , the path traveled by the rib- 

so bon 1 01 , the weight of the ribbon 1 01 , the weight to be 
transported by the ribbon 101 (e.g., the number/weight 
of substrate carriers to be transported by the ribbon 
101), how fast the ribbon 1 01 rotates, the amount of lat- 
eral stability required forthe ribbon 101, etc. In one par- 

55 ticular embodiment of an inventive conveyor system, 
constraining wheels 355 (of constraining wheel units 
291) are spaced along and contact a vertical portion of 
a ribbon about every 20 inches along curved portions of 
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the ribbon and about every 20-23 inches along straight 
portions of the ribbon. Support wheels 373 (of support 
wheel units 289) are positioned between each con- 
straining wheel unit 291 and contact and support the 
horizontal portion of the ribbon. In certain applications, 
such a constraining wheel 355 and support wheel 373 
spacing may produce a peak-to-peak lateral displace- 
ment of the ribbon of less than about 3 mm. In locations 
of a semiconductor device manufacturing facility in 
which a substrate carrier is to be loaded onto or removed 
from the ribbon (e.g., above a processing tool, a sub- 
strate loading station or at locations at which a substrate 
carrier may be transferred to or from another ribbon), a 
tighter tolerance in peak-to-peak lateral displacement of 
the ribbon may be required. For example, in some cas- 
es, a 0.5 mm or less peak-to-peak lateral displacement 
of the ribbon may be achieved by spacing constraining 
wheels 355 about every 1 0 inches along the ribbon (and 
by positioning support wheels 373 therebetween as de- 
scribed above). Other constraining wheel and/or sup- 
port wheel spacings may be employed, as may other 
peak-to-peak lateral displacements for a ribbon. 
[0078] In one or more embodiments of the invention, 
approximately 3/8 horsepower motors (of driving wheel 
units 285) are placed about every 28 feet along a ribbon 
101 and are employed to drive driving wheels 331 of the 
driving wheel units 285. Other motor sizes and spacings 
may be employed (e.g., depending on the weight of the 
ribbon and/or substrate carriers transported by the rib- 
bon, the resistance supplied by the driving, supporting 
and/or constraining wheels, etc.). 
[0079] As described previously, each inventive ribbon 
1 01 may be adapted to transport a plurality of substrate 
carriers within at least a portion of a semiconductor de- 
vice manufacturing facility. For example, each ribbon 
may have a plurality of supports or cradles rigidly cou- 
pled to the ribbon, each adapted to support and trans- 
port a substrate carrier within the semiconductor device 
manufacturing facility (e.g., between substrate loading 
stations of processing tools). As with the ribbon 101 k of 
FIG. 5, each other inventive ribbon 101 may comprise 
surface indicia, such as the one or more vertically-ori- 
ented slots 195 in FIG. 5, and mounting features, such 
as the holes 197 in FIG. 5, arranged at regular intervals 
along the length L of the ribbon 101 to respectively (1) 
identify the location of substrate earners being trans- 
ported by the ribbon 1 01 ; and (2) provide a secure and/ 
or rigid mounting location for the supports or cradles for 
the substrate carriers. Because the location of each sub- 
strate carrier support/cradle is fixed relative to the ribbon 
1 01 , knowing the position of the ribbon 1 01 as it rotates 
provides information about the position of a substrate 
carrier (supported by a cradle/support rigidly coupled to 
the ribbon 1 01 ) being transported by the ribbon 1 01 and 
vice versa. Separate ribbon position sensors and sub- 
strate carrier position sensors need not be employed. 
[0080] FIG. 24 is an exemplary embodiment of a sixth 
exemplary ribbon 101p adapted to transport a plurality 



of substrate carriers 501 a-e. The ribbon 101p includes 
a vertical portion 103p and a horizontal portion 105p, 
and may be configured, for example, in accordance with 
any of the inventive ribbons described herein. A plurality 
5 of substrate carrier supports 503a-e are coupled to the 
ribbon 1 01 p, and may comprise cradles or other support 
members adapted to support the substrate carriers 
501 a-e during transport. 

[0081 ] As shown, the vertical portion 1 03p of the rib- 
10 bon 1 01 p includes sets of openings or slots 505a-e each 
positioned above one of the substrate carrier supports 
503a-e, respectively. In the particular embodiment 
shown, the first set of slots 505a includes three slots, 
while the remaining sets of slots 505b-e include two 
'5 slots per set. Other numbers of slots per set may be em- 
ployed. 

[0082] Each set of slots 505a-e is conf igu red to allow 
a beam of light (not shown) to pass through the vertical 
portion 1 03p of the ribbon 1 01 p above a substrate car- 

20 ner support 503a-e. At all other locations on the ribbon 
101p, the beam of light is blocked by the ribbon 101 p. 
Accordingly, by monitoring and detecting the light beam 
as it passes through the ribbon 1 01 (e.g., via a detector 
and/or a controller not shown), the position of the ribbon 

25 1 01 p, a substrate carrier support 503a-e and/or a sub- 
strate carrier 501 a-e may be determined. Further, by 
monitoring and detecting the different light beam pattern 
generated by the first set of slots 505a relative to the 
remaining sets of slots 505b-e, the "front" or some other 

30 reference position of the ribbon 101p may be deter- 
mined (whether or not the ribbon 101p forms a closed 
loop). If the spacing between each substrate carrier sup- 
port 503a-e is known, such a reference position may be 
employed to determine the position of each substrate 

35 carrier 501a-e/substrate carrier support 503a-e (e.g., 
even if the other sets of slots 505b-e are not present). 
[0083] Knowledge of the position of each substrate 
carrier 501 a-e and/or substrate carrier support 503a-e 
also may be employed to determine/monitor speed of 

40 the ribbon 101 p. For example, by determining a time be- 
tween successive breakings of a light beam by any of 
the slots of one of the sets 505a-e, or between slot sets 
505a-e, speed of the ribbon may be determined (e.g., 
by a controller (not shown) having information regarding 

45 spacing between slots of sets and/or slot sets). Other 
opening shapes or surface features (e.g., reflective fea- 
tures) also may be employed to determine ribbon, sub- 
strate carrier support and/or substrate carrier position 
and/or speed. 

so [0084] With knowledge of substrate carrier position, 
substrate carriers 501 a-e may be loaded onto or unload- 
ed from the ribbon 1 01 p (e.g., whether or not the ribbon 
101p is in motion). In at least one embodiment of the 
invention, substrate carriers 501 a-e may be loaded onto 

55 or unloaded from the ribbon 1 01 p while the ribbon 1 01 p 
is in motion as described for example, in previously in- 
corporated U.S. Patent Application Serial No. 
10/650,481, filed August 28, 2003 and titled "Method 
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and Apparatus for Unloading Substrate Carriers from 
Substrate Carrier Transport Systems'' (Attorney Docket 
No. 7024) or U.S. Patent Application Serial No. 
10/650,480, filed August 28, 2003 and titled "Substrate 
Carrier Handler That Unloads Substrate Carriers Direct- 
ly From a Moving Conveyor" (Attorney Docket No. 
7676). Other apparatus/systems also may be em- 
ployed. 

[0085] The ribbon 101p (and any other inventive rib- 
bons described therein) thus is an "encoded" ribbon or 
band that contains encoded information such as band 
speed, substrate carrier position, substrate carrier 
hand-off locations, etc., that may be read and seen by 
multiple tools, such as the substrate loading station de- 
scribed in previously incorporated U.S. Patent Applica- 
tion Serial No. 10/650,480, filed August 28, 2003 and 
titled "Substrate Carrier Handler That Unloads Sub- 
strate Carriers Directly From a Moving Conveyor" (At- 
torney Docket No. 7676) (e.g., a high speed, bay dis- 
tributed stocker). Such substrate carrier loading stations 
may act as "slaves" to the "master" ribbon/conveyor, 
measuring conveyor speed, substrate carrier position, 
hand-off positions, etc., from the ribbon/conveyor A 
system with distributed intelligence (e.g., each substrate 
carrier loading station and/or the conveyor) thereby may 
be provided. Each tool may have a read head (e.g., a 
plurality of sensors that read the slots or openings in the 
band to determine band speed, substrate carrier posi- 
tion, hand-off positions, etc.) that reads encoded infor- 
mation on the inventive ribbon (e.g., a central encoder 
that includes information stored via the placement/posi- 
tioning of the slots/openings in the band such as the slot 
sets 505a-e). 

[0086] it should be noted that while substrate carriers 
are being transported within a semiconductor device 
manufacturing facility on the ribbon-based conveyor 
system of the present invention, the vertical, longitudinal 
(in the direction of the conveyor), and horizontal (side- 
to-side from the line of the conveyor) positions of the 
ribbon may be determined and/or controlled to a high 
degree of accuracy. In this manner, transfer of substrate 
carriers from or to the conveyor system, while the con- 
veyor system is in motion, is facilitated. 
[0087] The dimensions of the driving, support and/or 
constraining wheels can be inspected both as new, such 
as before installation, and aftertheconveyorsystem has 
been in operation (e.g. , to check for wear). Adjustments 
to position of the driving, support and/or constraining 
wheels thereafter may be performed to ensure/retain 
tight control over the vertical, longitudinal and/or hori- 
zontal positions of the conveyor system. For example, 
the axis of rotation of the support wheels can be con- 
trolled for proper vertical position and/or horizontal ori- 
entation of the ribbon of the conveyor system, such as 
by position adjustment means (screws, adjustable spac- 
ers or the like, not shown) between the housing section 
271 and the support wheels. Holding to tight tolerances 
within and between conveyor system components such 



as the driving, support and/or constraining wheels (e.g., 
through frequent inspections and/or replacements), 
may reduce or eliminate the need for such adjustability. 
[0088] Although a ribbon comprising a continuous 

5 piece of material throughout its entire length is advan- 
tageous in certain implementations, a plurality of con- 
nectable longitudinal sections can be employed to form 
a ribbon, for example as part of a custom installation in 
order to provide a desired path for the ribbon. In one or 

10 more embodiments of the invention, overall length of the 
ribbon may be of little concern; rather, it may be more 
important to ensure that the ribbon coincides with paths 
set by semiconductor device processing tools arranged, 
for example, in one or more straight lines in a manufac- 

*5 tu ring facility. As such, the radius of the ribbon as it turns 
between the straight-line paths of processing tools may 
be variable. The length of the ribbon may therefore vary 
with the selected radius or radii of the ribbon. In addition, 
the ribbon may be housed along its entire length; or cer- 

20 tain portions of the ribbon may not be housed by a hous- 
ing section. Also, instead of housing sections passing 
through a gap in a driving wheel unit support, two sep- 
arate housing sections may interface with/at a driving 
wheel unit support, and the driving wheel unit support 

25 may be suspended in a manner similar to the housing 
section supports described previously. 
[0089] in at least one embodiment of the invention , all 
serviceable parts of the inventive conveyor system may 
be serviced while the conveyor (e.g., ribbon) is in mo- 

30 tion. For example, ail wheels, motors, motion drivers, 
band controllers, etc., may be replaced while the con- 
veyorsystem is in motion. Further, significant redundan- 
cy may be built into each of these components so that 
one or more wheels, motors, motion drivers, band con- 

35 trollers, etc., may fail without affecting (or significantly) 
affecting motion of the conveyor system. That is, the 
conveyor system may be maintained in motion despite 
failure of one or more supporting, driving, controlling, 
etc., components. Spacing of wheels and/or other com- 

40 ponents may be such that each may be replaced while 
still meeting system requirements for support, drive 
force, etc. 

[0090] In addition to transporting single substrate car- 
riers, the inventive conveyor system may be used to 

45 transport substrate carriers that transport multiple sub- 
strates. Further, substrate carriers need not be sealed 
(e.g., may be opened on one or more sides). 
[0091 ] The inventive conveyor system may include a 
ribbon that is vertically supported from underneath (e. 

so g., from underneath a vertical portion of the ribbon). The 
ribbon may be supported by any means (e.g., magnet- 
ically, via air bearings, etc.). 

[0092] As stated, selection of the material used for 
any of the ribbons 1 01 may be based on numerous fao 
55 tors such as material strength, flexibility, fatigue rate, 
cost, etc. Exemplary materials that may be employed 
for any of the inventive ribbons described herein include 
stainless steel, polycarbonate, composite materials (e. 
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g., carbon graphite, fiberglass, etc.), steel or otherwise 
reinforced polyurethane, epoxy laminates, plastic or pol- 
ymer materials that include stainless steel, fabric (e.g., 
carbon fiber, fiberglass, Kevlar® available from Dupont, 
polyethelene, steel mesh, etc.) or another stiffening ma- 
terial, etc. In one particular embodiment, a ribbon may 
be constructed using a single or multi-piece molded or 
extruded material such as extruded polyurethane with 
a steel reinforcing cable or glass filled polyurethane in- 
serts. A multi-piece ribbon may be laminated to form a 
single piece construction (e.g., by bonding stainless 
steel sheets to plastic). Any other suitable configuration 
maybe employed. 

[0093] In one embodiment of the invention, the verti- 
cal portion of the ribbon may comprise 301 stainless 
steel (half hard) having a thickness of about 0.05 inches. 
The horizontal portion may comprises approximately 1 
inch wide 6061 -T6 aluminum pieces attached to the ver- 
tical portion (e.g., via rivots or another mechanism) and 
spaced by about 0.06 inches. Such a ribbon may be sim- 
ilar to the ribbon described previously with reference to 
FIG. 12. Other materials and/or dimensions may be em- 
ployed. 

[0094] FIGS. 25A and 25B are a perspective view and 
a side view, respectively, of a seventh exemplary ribbon 
1 01 q provided in accordance with the present invention. 
With reference to FIGS. 25A-B, the ribbon 1 01 q includes 
a T-section 600 (which forms the vertical portion 103q 
and the horizontal portion 105q of the ribbon 101q) 
formed from glass filled nylon, a rigid plastic, cast alu- 
minum or the like. The horizontal portion 105q includes 
serpentine gaps 602 that allow the ribbon 1 01 q to bend 
(in a horizontal plane) and provide a smooth transition 
for the support wheels used to support the ribbon 1 01 q. 
The vertical portion 103q includes a thickened section 
603 formed from a plurality of interleaved fingers 605 
that form a relatively incompressible driving surface for 
the driving wheels that are employed to drive the ribbon 
101q. 

[0095] Two belts 607, 609 are attached to the vertical 
portion 1 03q above and below the thickened section 603 
as shown, and may be attached thereto by any suitable 
mechanism (e.g., bolts, rivots, adhesives or the like). In 
one embodiment of the invention, the belts 607, 609 
may be formed of polyurethane or a similar material (e. 
g., reinforced with steel cords or the like). 
[0096] While the inventive ribbons have been de- 
scribed herein primarily as having a single horizontal 
portion (e.g., a portion 105), it will be understood that 
each ribbon may include more than one horizontal por- 
tion. For example, providing a horizontal portion near 
both a top and bottom of a ribbon, forming a double T 1 - 
type configuration, tends to balance the bending mo- 
ment of the ribbon (within a horizontal plane). In such 
an embodiment, lower support wheels may be em- 
ployed to contact the bottom horizontal portion and sta- 
bilize the ribbon (and any substrate carrier supported 
thereon) in turns and critical transfer areas. Such lower 



support wheels may be similar to the support wheels 
373 of the support wheel unit 289a of FIG. 23, or other- 
wise configured. 

[0097] FIG. 26 is a perspective view of an eighth rib- 

s bon 1 01 r provided in accordance with the present inven- 
tion. The eighth ribbon 101r includes a vertical portion 
1 03r and two horizontal portions 1 05r, 1 05r\ The upper 
horizontal portion 1 05r is adapted to support the load of 
the ribbon 1 01 r (e.g., via support wheels previously de- 

10 scribed); and the lower horizontal portion 105r* allows 
the ribbon 101 r to bend more symmetrically. In at least 
one embodiment of the invention, the ribbon 1 01 r is 
formed of polyeurethane (e.g., 92 durometer poly) or a 
similar material. The ribbon 1 01 r may be reinforced with 

15 steel cords, fabrics or similar structural features 701 . In 
such an embodiment, lower support wheels may be em- 
ployed to contact the lower horizontal portion lOSr 1 and 
stabilize the ribbon 1 01 r (and any substrate carrier sup- 
ported thereon) in turns and critical transfer areas. Gaps 

20 or notches 703 are formed in the horizontal portions 
105r, 105^ to assist in bending of the ribbon 101r. The 
ribbon 101r may be formed as a single piece or from 
multiple pieces (e.g., a plurality of extruded portions that 
are laminated together). As shown in FIG. 26, horizontal 

25 or other features 704 may be formed in the ribbon 1 01 r 
to provide additional support for substrate carriers being 
transported by the ribbon 1 01 r. 
[0098] As stated, the support wheels 373 (FIG. 23) 
are adapted to support a ribbon via contact with a hori- 

30 zontal portion of the ribbon. While described herein a 
primarily passive (e.g., non-driven), it will be understood 
that one or more of the support wheels 373 may be driv- 
en in addition to or in place of the driving wheels 331a 
and/or 331 b. One or more support wheels 373 thereby 

35 may drive a ribbon through contact with a horizontal por- 
tion of the ribbon. For a flat horizontal portion, an oppos- 
ing wheel may be employed opposite a driven support 
wheel (e.g., to maintain contact pressure on the driven 
support wheel). Likewise, one or more of the constrain- 

40 ing wheels 355 may be similarly driven. 

[0099] To provide two independent driving points at or 
near one location, drive locations on each side of a rib- 
bon may be offset slightly. For example, the first set of 
wheels 331a of a driving wheel unit support 287a may 

45 be offset slightly along a length of a ribbon relative to 
the second set of wheels 331 b of the driving wheel unit 
support 287a. In one or more embodiments of the in- 
vention, a ribbon may include surface features such as 
teeth that engage wheels, gears or other driving mech- 

so anisms that drive the ribbon. Such features may be 
formed on a vertical and/or horizontal portion of the rib- 
bon. FIG. 26 illustrates a plurality of teeth 705 formed 
on (e.g., molded in) at least one side of the vertical por- 
tion 1 03r of the ribbon 1 01 r. Such teeth 705 may be en- 

55 gaged by a driving wheel and employed to drive the rib- 
bon 101r (e.g., in a rack and pinion or other similar ar- 
rangement). 

[0100] To minimize drive motor interactions and pro- 
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tect a driven ribbon, a unidirectional drive clutch may be 
employed for each drive motor 311 (e.g., such that 
torque may only be applied in one direction). In this man- 
ner, if a motor bearing seizes during operation, a rotating 
ribbon may back drive the affected drive wheel 311 rath- 
er than allow the drive wheel 311 to skid or slide along 
a surface of the ribbon. A ribbon may be adapted to carry 
substrates or substrate carriers. A ribbon may carry sin- 
gle substrate carriers, substrate carriers adapted to 
house more than one substrate (e.g., multiple substrate 
carriers) or a combination of different size substrate car- 
riers (e.g., single and multiple substrate carriers). 
[01 01] Accordingly, while the present invention has 
been disclosed in connection with exemplary embodi- 
ments thereof, it should be understood that other em- 
bodiments may fall within the spirit and scope of the in- 
vention as defined by the following claims. 



Claims 

1. A conveyor system adapted for use in delivering 
substrate carriers within a semiconductor device 
manufacturing facility comprising: 

a ribbon that forms a closed loop along at least 
a portion of the semiconductor device manufac- 
turing facility, the ribbon adapted to: 

be flexible in a horizontal plane and rigid in 
a vertical plane; and 

transport a plurality of substrate carriers 
within the at least a portion of the semicon- 
ductor device manufacturing facility. 

2. The conveyor system of claim 1 wherein the ribbon 
comprises: 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
of the ribbon. 

3. The conveyor system of claim 2 wherei n the vertical 
and horizontal portions are formed form a single 
piece of material. 

4. The conveyor system of claim 2 wherein the vertical 
and horizontal portions are formed from separate 
pieces of material. 

5. The conveyor system of claim 4 wherein the hori- 
zontal portion comprises a plurality of horizontal 
sections coupled to the vertical portion. 

6. The conveyor system of claim 5 wherein the plural- 
ity of horizontal sections comprise a plurality of tri- 
angular sections. 



7. The conveyor system of claim 2 wherein the hori- 
zontal portion comprises a plurality of slots adapted 
to increase flexibility of the ribbon in a horizontal di- 
rection. 

5 

8. The conveyor system of claim 7 wherein the plural- 
ity of slots are evenly spaced along the ribbon. 

9. The conveyor system of claim 1 wherein the ribbon 
10 comprises: 

a first section having: 

a vertical portion adapted to support sub- 
15 strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon; and 

a second section coupled to the first section 
20 and having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
25 weight of the ribbon. 

10. The conveyor system of claim 9 further comprising 
a sound dampening material disposed between the 
first and second sections. 

30 

1 1 . The conveyor system of claim 9 wherein: 

the vertical and horizontal portions of the first 
section are formed from a first, single piece of 
35 material; and 

the vertical and horizontal portions of the sec- 
ond section are formed from a second, single 
piece of material. 

40 12. The conveyor system of claim 9 wherein: 

the vertical and horizontal portions of the first 
section are formed from first, separate pieces 
of material; and 
45 the vertical and horizontal portions of the sec- 

ond section are formed from second, separate 
pieces of material. 

13. The conveyor system of claim 12 wherein: 

50 

the horizontal portion of the first section com- 
prises a first plurality of horizontal sections cou- 
pled to the vertical portion; and 
the horizontal portion of the second section 
55 comprises a second plurality of horizontal sec- 

tions coupled to the vertical portion. 

14. The conveyor system of claim 13 wherein: 
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thefirst plurality of horizontal sections comprise 
a first plurality of triangular sections; and 
the second plurality of horizontal sections com- 
prise a second plurality of triangular sections. 

15. The conveyor system of claim 9 wherein: 

the horizontal portion of the first section com- 
prises a first plurality of slots adapted to in- 
crease flexibility of the ribbon in a horizontal di- 
rection; and 

the horizontal portion of the second section 
comprises a second plurality of slots adapted 
to increase flexibility of the ribbon in the hori- 
zontal direction. 

16. The conveyor system of claim 15 wherein the first 
and second plurality of slots are evenly spaced 
along the ribbon. 

17. The conveyor system of claim 1 wherein the ribbon 
comprises stainless steel. 

18. The conveyor system of claim 1 wherein the ribbon 
comprises a vertical portion having a first feature 
adapted to identify a beginning of the ribbon. 

19. The conveyor system of claim 18 wherein the first 
feature comprises at least a first opening formed 
through the vertical portion. 

20. The conveyor system of claim 18 wherein the ver- 
tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

21 . The conveyor system of claim 20 wherein each sec- 
ond feature comprises at least a second opening 
formed through the vertical portion. 

22. The conveyor system of claim 21 wherein the at 
least a first opening comprises a first plurality of 
openings and wherein the at least a second opening 
comprises a second plurality of openings. 

23. The conveyor system of claim 1 wherein the ribbon 
forms a serpentine closed loop. 

24. The conveyor system of claim 1 further comprising 
a plurality of supports rigidly coupled to the ribbon, 
each support adapted to support and transport a 
substrate carrier within the at least a portion of the 
semiconductor device manufacturing facility. 

25. The conveyor system of claim 24 wherein each of 
the plurality of supports comprises a cradle adapted 
to support a substrate carrier by a top flange of the 



substrate carrier. 

26. The conveyor system of claim 1 further comprising 
at least one driving wheel adapted to contact the 

5 ribbon and to rotate the ribbon. 

27. The conveyor system of claim 26 wherein the at 
least one driving wheel comprises a plurality of driv- 
ing wheels evenly spaced around the ribbon. 

10 

28. The conveyor system of claim 26 wherein the at 
least one driving wheel is adapted to contact and 
drive the ribbon along a vertical portion of the rib- 
bon. 

15 

29. The conveyor system of claim 28 wherein the at 
least one driving wheel comprises a first wheel 
adapted to contact the vertical portion of the ribbon 
on a first side of the vertical portion and a second 

20 wheel adapted to contact the vertical portion of the 
ribbon on a second side of the vertical portion op- 
posite the first side. 

30. The conveyor system of claim 29 wherein only one 
25 of the first and second wheels drives the ribbon. 

31 . The conveyor system of claim 29 wherein both the 
first and second wheels drive the ribbon. 

30 32. The conveyor system of claim 26 wherein the at 
least one driving wheel comprises at least one driv- 
ing wheel adapted to be replaced while the ribbon 
is in motion. 

35 33. The conveyor system of claim 1 further comprising 
at least one constraining wheel adapted to contact 
the ribbon and to reduce lateral motion of the ribbon 
as the ribbon rotates. 

40 34. The conveyor system of claim 33 wherein the at 
least one constraining wheel comprises a plurality 
of constraining wheels evenly spaced around the 
ribbon. 

45 35. The conveyor system of claim 33 wherein the at 
least one constraining wheel comprises at least one 
constraining wheel adapted to be replaced while the 
ribbon is in motion. 

so 36. The conveyor system of claim 33 wherein the at 
least one constraining wheel comprises a first 
wheel adapted to contact the ribbon along a first 
side of a vertical portion of the ribbon. 

55 37. The conveyor system of claim 33 wherein the at 
least one constraining wheel comprises a first 
wheel and a second wheel each adapted to contact 
the ribbon along the first side of the vertical portion 
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of the ribbon. 

38. The conveyor system of claim 37 wherein the first 
wheel and the second wheel are adapted to be re- 
placed while the ribbon is in motion. 

39. The conveyor system of claim 38 wherein the first 
wheel and the second wheel are adapted to be re- 
placed as a unit while the ribbon is in motion. 

40. The conveyor system of claim 38 wherein the first 
wheel and the second wheel are adapted to be re- 
placed independently while the ribbon is in motion. 

41. The conveyor system of claim 40 wherein each of 
the first wheel and the second wheel is adapted to 
pivot away from the ribbon. 

42. The conveyor system of daim 36 wherein the at 
least one constraining wheel comprises at least a 
first wheel adapted to contact the ribbon along the 
first side of the vertical portion of the ribbon and at 
least a second wheel adapted to contact the ribbon 
along a second side of the vertical portion of the rib- 
bon opposite the first side. 

43. The conveyor system of claim 1 further comprising 
at least one support wheel adapted to support the 
ribbon as the ribbon rotates. 

44. The conveyor system of claim 43 wherein the at 
least one support wheel comprises a plurality of 
support wheels evenly spaced around the ribbon. 

45. The conveyor system of claim 43 wherein the at 
least one support wheel is adapted to contact and 
support the ribbon along a first horizontal portion of 
the ribbon. 

46. The conveyor system of claim 45 wherein the at 
least one support wheel comprises a first wheel 
adapted to contact the first horizontal portion of the 
ribbon on a first side of a vertical portion of the rib- 
bon and a second wheel adapted to contact a sec- 
ond horizontal portion of the ribbon on a second 
side of the vertical portion opposite the first side. 

47. The conveyor system of claim 43 wherein the at 
least one support wheel comprises at least one sup- 
port wheel adapted to be replaced while the ribbon 
is in motion. 

48. The conveyor system of claim 1 further comprising 
a plurality of housing sections adapted to surround 
at least a portion of the ribbon while allowing sub- 
strate carriers to be transported by the ribbon. 

49. The conveyor system of claim 48 wherein at least 



one housing section comprises: 

a first opening adapted to allow at least one 
support wheel to contact and support the ribbon 
5 as the ribbon rotates; and 

a second opening adapted to allow at least one 
constraining wheel to contact the ribbon and to 
reduce lateral motion of the ribbon as the ribbon 
rotates. 

10 

50. The conveyor system of claim 49 wherein the at 
least one housing section is adapted to allow the at 
least one constraining wheel and the at least one 
support wheel to be changed while the ribbon is in 

is motion. 

51. The conveyor system of claim 49 wherein the at 
least one housing section further comprises: 

20 a third opening adapted to allow at least one 

driving wheel to contact the ribbon and to rotate 
the ribbon. 

52. The conveyor system of claim 51 wherein the hous- 
es jng section is adapted to allow the at least one driv- 
ing wheel, the at least one constraining wheel and 
the at least one support wheel to be changed while 
the ribbon is in motion. 

30 53. The conveyor system of claim 48 further comprising 
a plurality of supports adapted to couple to and sup- 
port each housing section. 

54. The conveyor system of claim 53 wherein the plu- 
35 rality of supports and the plurality of housing sec- 
tions surround at least a portion of the ribbon along 
an entire closed loop of the ribbon. 

55. The conveyor system of daim 53 further comprising 
40 a plurality of shields adapted to couple to the plu- 
rality of supports and sized to cover substrate car- 
riers being transported by the ribbon. 

56. The conveyor system of claim 55 wherein at least 
45 one of the plurality of supports comprises an ex- 
tended region adapted to compensate for a change 
in length of the plurality of shields caused by a 
change in temperature of the plurality of shields. 

so 57. The conveyor system of claim 55 wherein each 
shield comprises aluminum. 

58. The conveyor system of claim 1 wherein the ribbon 
is adapted to transport single substrate carriers. 

55 

59. A conveyor system adapted for use in delivering 
substrate carriers within a semiconductor device 
manufacturing facility comprising: 



18 



35 



EP 1 445 794 A2 



36 



a ribbon that forms a closed loop along at least 
a portion of the semiconductor device manufac- 
turing facility, the ribbon adapted to: 

be flexible in a horizontal plane and rigid in 
a vertical plane; 

transport a plurality of substrate carriers 
within the at least a portion of the semicon- 
ductor device manufacturing facility; and 
continuously rotate. 

60. The conveyor system of claim 59 further comprising 
at least one driving wheel adapted to contact the 
ribbon and to rotate the ribbon. 

61 . The conveyor system of claim 59 further comprising 
at least one constraining wheel adapted to contact 
the ribbon and to reduce lateral motion of the ribbon 
as the ribbon rotates. 

62. The conveyor system of claim 59 further comprising 
at least one support wheel adapted to support the 
ribbon as the ribbon rotates. 

63. The conveyor system of claim 59 wherein the ribbon 
comprises: 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
of the ribbon. 

64. The conveyor system of claim 59 wherein the ribbon 
comprises: 

a first section having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon; and 

a second section coupled to the first section 
and having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon. 

65. The conveyor system of claim 59 wherein the ribbon 
comprises stainless steel. 

66. The conveyor system of claim 59 wherein the ribbon 
comprises a vertical portion having a first feature 
adapted to identify a beginning of the ribbon. 

67. The conveyor system of claim 66 wherein the ver- 



tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

5 

68. The conveyor system of claim 59 wherein the ribbon 
forms a serpentine closed loop. 

69. The conveyor system of claim 59 further comprising 
10 a plurality of supports rigidly coupled to the ribbon, 

each support adapted to support and transport a 
substrate carrier within the at least a portion of the 
semiconductor device manufacturing facility. 

15 70. Theconveyorsystemofclaim59furthercomprising 
a plurality of housing sections adapted to surround 
at least a portion of the ribbon while allowing sub- 
strate carriers to be transported by the ribbon. 

20 71 . The conveyor system of claim 70 wherein at least 
one housing section comprises: 

a first opening adapted to allow at least one 
support wheel to contact and support the ribbon 
25 as the ribbon rotates; and 

a second opening adapted to allow at least one 
constraining wheel to contact the ribbon and to 
reduce lateral motion of the ribbon as the ribbon 
rotates. 

30 

72. The conveyor system of claim 71 wherein the at 
least one housing section further comprises: 

a third opening adapted to allow at least one 
35 driving wheel to contact the ribbon and to rotate 

the ribbon. 

73. The conveyor system of claim 59 further comprising 
a plurality of supports adapted to couple to and sup- 

40 port each housing section. 

74. The conveyor system of claim 73 further comprising 
a plurality of shields adapted to couple to the plu- 
rality of supports and sized to cover substrate car- 

45 riers being transported by the ribbon. 

75. The conveyo r system of claim 59 wherei n the ribbon 
is adapted to transport single substrate carriers. 

so 76. A conveyor system adapted for use in delivering 
substrate carriers within a semiconductor device 
manufacturing facility comprising: 

a ribbon that forms a closed loop along at least 
55 a portion of the semiconductor device manufac- 

turing facility, the ribbon adapted to: 

be flexible in a horizontal plane and rigid in 
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a vertical plane; and 
continuously rotate; and 

a plurality of supports rigidly coupled to the rib- 
bon, each support adapted to support and 
transport a substrate carrier within the at least 
a portion of the semiconductor device manufac- 
turing facility. 

77. The conveyor system of claim 76 further comprising 
at least one of a driving wheel, a constraining wheel 
and a support wheel adapted to contact the ribbon 
and to be changed while the ribbon is in motion. 

78. The conveyorsystem of claim 76 wherein the ribbon 
comprises: 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
of the ribbon. 

79. The conveyorsystem of claim 76 wherein the ribbon 
comprises: 

. a first section having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon; and 

a second section coupled to the first section 
and having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon. 

80. The conveyorsystem of claim 76 wherein the ribbon 
comprises stainless steel. 

81 . The conveyorsystem of claim 76 wherein the ribbon 
comprises a vertical portion having a first feature 
adapted to identify a beginning of the ribbon. 

82. The conveyor system of claim 81 wherein the ver- 
tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

83. The conveyorsystem of claim 76 wherein the ribbon 
forms a serpentine closed loop. 

84. The conveyor system of claim 76 further comprising 
a plurality of housing sections adapted to surround 



at least a portion of the ribbon while allowing sub- 
strate carriers to be transported by the ribbon. 

85. The conveyor system of claim 84 wherein at least 
5 one housing section comprises: 

a first opening adapted to allow at least one 
support wheel to contact and support the ribbon 
as the ribbon rotates; and 
10 a second opening adapted to allow at least one 

constraining wheel to contact the ribbon and to 
reduce lateral motion of the ribbon as the ribbon 
rotates. 

15 86. The conveyor system of claim 85 wherein the at 
least one housing section further comprises: 

a third opening adapted to allow at least one 
driving wheel to contact the ribbon and to rotate 
20 the ribbon. 

87. The conveyor system of claim 84 further comprising 
a plurality of supports adapted to couple to and sup- 
port each housing section. 

25 

88. The conveyor system of claim 87 further comprising 
a plurality of shields adapted to couple to the plu- 
rality of supports and sized to cover substrate car- 
riers being transported by the ribbon. 

30 

89. The conveyorsystem of claim 76 wherein the ribbon 
is adapted to transport single substrate carriers. 

90. A conveyor system adapted for use in delivering 
35 substrate carriers within a semiconductor device 

manufacturing facility comprising: 

a ribbon that forms a dosed loop along at least 
a portion of the semiconductor device manufac- 
40 turing facility, the ribbon adapted to: 

be flexible in a horizontal plane and rigid in 
a vertical plane; 

transport a plurality of substrate carriers 
45 within the at least a portion of the semicon- 

ductor device manufacturing facility; and 
continuously rotate; and 

at least one of a driving wheel, a constraining 
so wheel and a support wheel adapted to contact 

the ribbon and to be changed while the ribbon 
is in motion. 

91 . The conveyor system of claim 90 further comprising 
55 at least one driving wheel adapted to contact the 

ribbon and to rotate the ribbon. 

92. The conveyor system of claim 90 further comprising 



20 



39 



EP 1 445 794 A2 



40 



at least pne constraining wheel adapted to contact 
the ribbon and to reduce lateral motion of the ribbon 
as the ribbon rotates. 

93. The conveyor system of claim 90 further comprising 
at least one support wheel adapted to support the 
ribbon as the ribbon rotates. 

94. Theconveyorsystem of claim 90 wherein the ribbon 
comprises: 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
of the ribbon. 

95. The conveyor system of claim 90 wherein the ribbon 
comprises: 

a first section having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon; and 

a second section coupled to the first section 
and having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon. 

96. The conveyor system of claim 90 wherein the ribbon 
comprises stainless steel. 

97. The conveyor system of claim 90 wherein the ribbon 
comprises a vertical portion having a first feature 
adapted to identify a beginning of the ribbon. 

98. The conveyor system of claim 97 wherein the ver- 
tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

99. The conveyor system of claim 90 wherein the ribbon 
forms a serpentine closed loop. 

1 QO.The conveyorsystem of claim 90 further comprising 
a plurality of supports rigidly coupled to the ribbon, 
each support adapted to support and transport a 
substrate carrier within the at least a portion of the 
semiconductor device manufacturing facility. 

1 01 .The conveyorsystem of claim 90 further comprising 
a plurality of housing sections adapted to surround 



at least a portion of the ribbon while allowing sub- 
strate carriers to be transported by the ribbon. 

1 02.The conveyor system of claim 1 01 wherein at least 
s one housing section comprises: 

a first opening adapted to allow at least one 
support wheel to contact and support the ribbon 
as the ribbon rotates; and 
10 a second opening adapted to allow at least one 

constraining wheel to contact the ribbon and to 
reduce lateral motion of the ribbon as the ribbon 
rotates. 

15 103.The conveyor system of claim 1 02 wherein the at 
least one housing section further comprises: 

a third opening adapted to allow at least one 
driving wheel to contact the ribbon and to rotate 
20 the ribbon. 

1 04. The conveyor system of claim 1 02 further compris- 
ing a plurality of supports adapted to couple to and 
support each housing section. 

25 

105. The conveyor system of claim 1 04 further compris- 
ing a plurality of shields adapted to couple to the 
plurality of supports and sized to cover substrate 
carriers being transported by the ribbon. 

30 

106. The conveyor system of claim 90 wherein the rib- 
bon is adapted to transport single substrate carri- 
ers. 

35 107.A conveyor system adapted for use in delivering 
substrate carriers within a semiconductor device 
manufacturing facility comprising: 

a ribbon that forms a closed loop along at least 
40 a portion of the semiconductor device manufac- 

turing facility; and 

a plurality of supports rigidly coupled to the rib- 
bon, each support adapted to support and 
transport a single earner within the at least the 
45 portion of the semiconductor device manufac- 

turing facility. 

108. The conveyor system of claim 1 07 wherein the rib- 
bon is adapted to continuously rotate during trans- 

50 port and delivery of substrate carriers. 

1 09. The conveyor system of claim 1 07 further compris- 
ing at least one of a driving wheel, a constraining 
wheel and a support wheel adapted to contact the 

55 ribbon and to be changed while the ribbon is in mo- 
tion. 

1 10. The conveyor system of claim 1 07 wherein the rib- 
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bon comprises: 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
of the ribbon. 

111 .The conveyor system of claim 1 07 wherein the rib- 
bon comprises: 

a first section having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon; and 

a second section coupled to the first section 
and having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon. 

112. The conveyor system of claim 1 07 wherein the rib- 
bon comprises stainless steel. 

113. The conveyor system of claim 1 07 wherein the rib- 
bon comprises a vertical portion having a first fea- 
ture adapted to identify a beginning of the ribbon. 

1 1 4. The conveyor system of claim 1 1 3 wherein the ver- 
tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

115. The conveyor system of claim 1 07 wherein the rib- 
bon forms a serpentine closed loop. 

1 1 6. The conveyor system of daim 1 07 further compris- 
ing a plurality of housing sections adapted to sur- 
round at least a portion of the ribbon while allowing 
substrate carriers to be transported by the ribbon. 

117. The conveyor system of claim 116 wherein at least 
one housing section comprises: 

a first opening adapted to allow at least one 

support wheel to contact and support the ribbon 

as the ribbon rotates; and 

a second opening adapted to allow at least one 

constraining wheel to contact the ribbon and to 

reduce lateral motion of the ribbon as the ribbon 

rotates. 

118. The conveyor system of claim 117 wherein the at 



least one housing section further comprises: 

a third opening adapted to allow at least one 
driving wheel to contact the ribbon and to rotate 
5 the ribbon. 

1 1 9. The conveyor system of claim 1 1 6 further compris- 
ing a plurality of housing section supports adapted 
to couple to and support each housing section. 

10 

1 20. The conveyor system of claim 1 1 9 further compris- 
ing a plurality of shields adapted to couple to the 
plurality of housing section supports and sized to 
cover substrate earners being transported by the 

is ribbon. 

121 .The conveyor system of claim 1 07 wherein the rib- 
bon is adapted to transport single substrate carri- 
ers. 

20 

122 A conveyor system adapted for use in delivering 
substrate carriers within a semiconductor device 
manufacturing facility comprising: 

25 a ribbon that forms a closed loop along at least 

a portion of the semiconductor device manufac- 
turing facility, the ribbon adapted to transport a 
plurality of substrate carriers within the at least 
a portion of the semiconductor device manufac- 

30 turing facility; and 

at least one of a driving wheel, a constraining 
wheel and a support wheel adapted to contact 
the ribbon and to be changed while the ribbon 
is in motion. 

35 

123.The conveyor system of claim 122 further compris- 
ing at least one driving wheel adapted to contact the 
ribbon and to rotate the ribbon. 

40 1 24The conveyor system of claim 1 22 further compris- 
ing at least one constraining wheel adapted to con- 
tact the ribbon and to reduce lateral motion of the 
ribbon as the ribbon rotates. 

45 1 25.The conveyor system of claim 1 22 f u rther compris- 
ing at least one support wheel adapted to support 
the ribbon as the ribbon rotates. 

126. The conveyor system of claim 122 wherein the rib- 
50 bon comprises: 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
55 of the ribbon. 

127. The conveyor system of claim 122 wherein the rib- 
bon comprises: 
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a first section having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon; and 

a second section coupled to the first section 
and having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon. 

128. The conveyor system of claim 1 22 wherein the rib- 
bon comprises stainless steel. 

129 . The conveyor system of claim 1 22 wherein the rib- 
bon comprises a vertical portion having a first fea- 
ture adapted to identify a beginning of the ribbon. 

1 30. The conveyor system of claim 1 29 wherein the ver- 
tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

131 .The conveyor system of claim 1 22 wherein the rib- 
bon forms a serpentine closed loop. 

1 32. The conveyor system of claim 1 22 further compris- 
ing a plurality of supports rigidly coupled to the rib- 
bon, each support adapted to support and transport 
a substrate carrier within the at least a portion of the 
semiconductor device manufacturing facility. 

1 33. The conveyor system of claim 1 22 further compris- 
ing a plurality of housing sections adapted to sur- 
round at least a portion of the ribbon while allowing 
substrate carriers to be transported by the ribbon. 

1 34. The conveyor system of daim 1 33 wherein at least 
one housing section comprises: 

a first opening adapted to allow at least one 

support wheel to contact and support the ribbon 

as the ribbon rotates; and 

a second opening adapted to allow at least one 

constraining wheel to contact the ribbon and to 

reduce lateral motion of the ribbon as the ribbon 

rotates. 

135. The conveyor system of claim 134 wherein the at 
least one housing section further comprises: 

a third opening adapted to allow at least one 
driving wheel to contact the ribbon and to rotate 



the ribbon. 

1 36. The conveyor system of claim 1 33 further compris- 
ing a plurality of supports adapted to couple to and 

5 support each housing section. 

1 37. The conveyor system of claim 1 36 further compris- * 
ing a plurality of shields adapted to couple to the 
plurality of supports and sized to cover substrate 

10 carriers being transported by the ribbon. 

138. The conveyor system of claim 122 wherein the rib- 
bon is adapted to transport single substrate carri- 
ers. 

15 

139. A conveyor system adapted for use in delivering 
substrate carriers within a semiconductor device 
manufacturing facility comprising: 

20 a ribbon that forms a closed loop along at least 

a portion of the semiconductor device manufac- 
turing facility, the ribbon adapted to: 

be flexible in a horizontal plane and rigid in 
25 a vertical plane; and 

transport a plurality of substrate carriers 
within the at least a portion of the semicon- 
ductor device manufacturing facility; and 

30 at least one of a driving wheel, a constraining 

wheel and a support wheel adapted to contact 
the ribbon and to be changed while the ribbon 
is in motion. 

35 1 40.The conveyor system of claim 1 39 wherein the rib- 
bon comprises: 

a vertical portion adapted to support substrate 
carriers; and 

40 a horizontal portion adapted to support a weight 

of the ribbon. 

1 41 The conveyor system of claim 1 39 wherein the rib- 
bon comprises: 

45 

a first section having: 

a vertical portion adapted to support sub- 
strate carriers; and 
so a horizontal portion adapted to support a 

weight of the ribbon; and 



a second section coupled to the first section 
and having: 

55 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
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weight of the ribbon. 

1 42. The conveyor system of claim 1 39 wherein the rib- 
bon comprises stainless steel. 

143. The conveyor system of claim 1 39 wherein the rib- 
bon comprises a vertical portion having a first fea- 
ture adapted to identify a beginning of the ribbon. 

1 44. The conveyor system of claim 1 43 wherein the ver- 
tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

1 45. The conveyor system of claim 1 39 wherein the rib- 
bon forms a serpentine closed loop. 

146. The conveyor system of claim 139 further compris- 
ing a plurality of supports rigidly coupled to the rib- 
bon, each support adapted to support and transport 
a substrate carrier within the at least a portion of the 
semiconductor device manufacturing facility. 

147. The conveyor system of claim 1 39 further compris- 
ing a plurality of housing sections adapted to sur- 
round at least a portion of the ribbon while allowing 
substrate carriers to be transported by the ribbon. 

1 48. The conveyor system of claim 1 47 wherein at least 
one housing section comprises: 

a first opening adapted to allow at least one 

support wheel to contact and support the ribbon 

as the ribbon rotates; and 

a second opening adapted to allow at least one 

constraining wheel to contact the ribbon and to 

reduce lateral motion of the ribbon as the ribbon 

rotates. 

149. The conveyor system of claim 148 wherein the at 
least one housing section further comprises: 

a third opening adapted to allow at least one 
driving wheel to contact the ribbon and to rotate 
the ribbon. 

1 SO.The conveyor system of claim 1 47 further compris- 
ing a plurality of supports adapted to couple to and 
support each housing section. 

1 51 .The conveyor system of claim 1 50 further compris- 
ing a plurality of shields adapted to couple to the 
plurality of supports and sized to cover substrate 
carriers being transported by the ribbon. 

152.The conveyor system of claim 1 39 wherein the rib- 
bon is adapted to transport single substrate carri- 



ers. 

153. An overhead conveyor system adapted for use in 
delivering single substrate carriers within a semi- 

5 conductor device manufacturing facilrty comprising: 

a ribbon that forms a closed loop along at least 
a portion of the semiconductor device manufac- 
turing facility, the ribbon adapted to: 

10 

be flexible in a horizontal plane and rigid in 
a vertical plane; and 
continuously rotate; 

is a plurality of supports rigidly coupled to the rib- 

bon, each support adapted to support and 
transport a single substrate carrier within the at 
least a portion of the semiconductor device 
manufacturing facilrty; 
20 at least one driving wheel adapted to contact 

the ribbon and to rotate the ribbon; 
at least one constraining wheel adapted to con- 
tact the ribbon and to reduce lateral motion of 
the ribbon as the ribbon rotates; and 
25 at least one support wheel adapted to support 

the ribbon as the ribbon rotates; 

wherein the at least one driving wheel, the at 
least one constraining wheel and the at least one 
30 support wheel are each adapted to be changed 
while the ribbon is in motion. 

154. The conveyor system of claim 153 wherein the rib- 
bon comprises: 

35 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
of the ribbon. 

40 

155. The conveyor system of claim 153 wherein the rib- 
bon comprises: 

a first section having: 

45 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon; and 

50 

a second section coupled to the first section 
and having: 

a vertical portion adapted to support sub- 
55 strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon. 
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156. The conveyor system of claim 1 53 wherein the rib- 
bon comprises stainless steel. 

157. The conveyor system of claim 1 53 wherein the rib- 
bon comprises a vertical portion having a first fea- 
ture adapted to identify a beginning of the ribbon. 

1 58. The conveyor system of claim 1 57 wherein the ver- 
tical portion of the ribbon further comprises a plu- 
rality of second features, each second feature 
adapted to identify a location at which a substrate 
carrier may be held and transported by the ribbon. 

159. The conveyor system of claim 1 53 wherein the rib- 
bon forms a serpentine closed loop. 

1 60. The conveyor system of claim 1 53 further compris- 
ing a plurality of housing sections adapted to sur- 
round at least a portion of the ribbon while allowing 
substrate carriers to be transported by the ribbon. 

1 61 .The conveyor system of claim 1 60 wherein at least 
one housing section comprises: 

a first opening adapted to allow at least one 

support wheel to contact and support the ribbon 

as the ribbon rotates; and 

a second opening adapted to allow at least one 

constraining wheel to contact the ribbon and to 

reduce lateral motion of the ribbon as the ribbon 

rotates. 

162. The conveyor system of claim 161 wherein the at 
least one housing section further comprises: 

a third opening adapted to allow at least one 
driving wheel to contact the ribbon and to rotate 
the ribbon. 

1 63. The conveyor system of claim 1 60 further compris- 
ing a plurality of housing section supports adapted 
to couple to and support each housing section. 

1 64. The conveyor system of claim 1 63 further compris- 
ing a plurality of shields adapted to couple to the 
plurality of housing section supports and sized to 
cover substrate carriers being transported by the 
ribbon. 

165. A method of transporting substrate carriers com- 
prising: 

forming a closed loop along at least a portion 
of a semiconductor device manufacturing facil- 
ity with a ribbon, the ribbon adapted to be flex- 
ible in a horizontal plane and rigid in a vertical 
plane; and 

transporting a substrate carrier within the at 



least a portion of the semiconductor device 
manufacturing facility with the ribbon. 

166. The method of claim 165 wherein the ribbon com- 
5 prises: 

a vertical portion adapted to support substrate 
carriers; and 

a horizontal portion adapted to support a weight 
10 of the ribbon. 

167. The method of claim 165 wherein the ribbon com- 
prises: 

15 a first section having: 

a vertical portion adapted to support sub- 
strate carriers; and 

a horizontal portion adapted to support a 
20 weight of the ribbon; and 

a second section coupled to the first section 
and having: 

25 a vertical portion adapted to support sub- 

strate carriers; and 

a horizontal portion adapted to support a 
weight of the ribbon. 

30 l68.The method of claim 165 wherein the ribbon com- 
prises stainless steel. 

169. The method of claim 165 wherein the ribbon com- 
prises a vertical portion having a first feature adapt- 
as ed to identify a beginning of the ribbon. 

170. The method of claim 169 wherein the vertical por- 
tion of the ribbon further comprises a plurality of 
second features, each second feature adapted to 

40 identify a location at which a substrate carrier may 
be held and transported by the ribbon. 

171 .The method of claim 1 65 wherein forming a closed 
loop comprises forming a serpentine closed loop. 

45 

172. The method of claim 165 further comprising rigidly 
coupling a plurality of supports to the ribbon, each 
support adapted to support and transport a sub- 
strate carrier within the at least a portion of the sem- 

50 iconductor device manufacturing facility. 

173. The method of claim 165 further comprising em- 
ploying a plurality of housing sections to surround 
at least a portion of the ribbon while allowing sub- 

55 strate carriers to be transported by the ribbon. 

1 74. The method of claim 1 65 wherein at least one hous- 
ing section comprises: 
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a first opening adapted to allow at least one 
support wheel to contact and support the ribbon 
as the ribbon rotates; and 
a second opening adapted to allow at least one 
constraining wheel to contact the ribbon and to $ 
reduce lateral motion of the ribbon as the ribbon 
rotates. 

175. The method of claim 174 wherein the at least one 
housing section further comprises: 

a third opening adapted to allow at least one 
driving wheel to contact the ribbon and to rotate 
the ribbon. 

1 76. The method of claim 1 65 wherein transporting sub- 
strate carriers comprises transporting single sub- 
strate carriers. 

177. A method of transporting single substrate carriers 
within a semiconductor device manufacturing facil- 
ity comprising: 

forming a closed loop along at least a portion 
of the semiconductor device manufacturing fa- 
cility with a ribbon, the ribbon adapted to be 
flexible in a horizontal plane and rigid in a ver- 
tical plane; 

rigidly coupling a plurality of supports to the rib- 
bon, each support adapted to support and 
transport a single substrate carrier within the at 
least a portion of the semiconductor device 
manufacturing facility; 

contacting the ribbon with at least one driving 
wheel adapted to rotate the ribbon; 
contacting the ribbon with at least one con- 
straining wheel adapted to reduce lateral mo- 
tion of the ribbon as the ribbon rotates; 
contacting the ribbon with at least one support 
wheel adapted to support the ribbon as the rib- 
bon rotates, wherein the at least one driving 
wheel, the at least one constraining wheel and 
the at least one support wheel are each adapt- 
ed to be changed while the ribbon is in motion; 
and 

continuously rotating the ribbon during trans- 
porting of single substrate carriers with the rib- 
bon. 

178. An apparatus adapted for use in transporting sub- so 
strates within a semiconductor device manufactur- 
ing facility comprising: 



a vertical portion adapted to support one or 
more substrates; and 
a horizontal portion adapted to support a 
weight of the ribbon. 

1 79. The apparatus of claim 1 78 wherein the vertical por- 
tion is adapted to support one or more substrate 
carriers. 

1 80. The apparatus of claim 1 78 wherein at least one of 
the vertical portion and the horizontal portion com- 
prises stainless steel, polycarbonate, carbon 
graphite, fiberglass, steel reinforced polyurethane, 
carbon fiber or polyethelene. 

181 .The apparatus of claim 178 wherein the ribbon in- 
cludes an additional horizontal portion positioned to 
increase symmetrical bending of the ribbon. 

182. The apparatus of claim 181 wherein the additional 
horizontal portion is positioned proximate a bottom 
of the ribbon. 

1 83. The apparatus of claim 1 78 wherein the vertical por- 
tion includes surface features adapted to engage 
surface features of a driving wheel. 

184. The apparatus of claim 183 wherein the surface 
features of the vertical portion comprise teeth. 
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a ribbon adapted to be flexible in a horizontal 
plane and rigid in a vertical plane and to trans- 55 
port one or more substrates within a portion of 
the semiconductor device manufacturing facil- 
ity, the ribbon including: 
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